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OBJECTIVE THINKING, AND OPERATIONAL RESEARCH 


JN our two articles on the Problems of Independent 

India, we have drawn attention to the need for 
all-India view of problems, and of necessity for 
thorough going reforms in the administrative machi- 
nery of the country. The present article will deal 
with the need for objective, thinking, and suitability 
of introducing methods of operational research to deal 
with problems confronting the country. 

The disappearance of British rule lias left us with 
old unsolved problems, like those of poverty, hunger 
and disease, low' productivity in industry and agri- 
culture, all due to the continuation of paleoteclmie 
methods, and emergence of new problems like those 
of extreme provincialism, and the threat of babelism, 
both of which may ultimately lead to the disintegra- 
tion of India ; and growth of spirit of intolerance, 
and indiscipline amongst the masses. Some of the 
problems c.g. provincialism and babelism are the 
creations of our present day leaders* who made use 
of them to discredit British Imperialism but are now 
unable to cope with the monster raised by them; 
others also in an indirect way, Ijgcause corruption, 
indiscipline and tendency to have recourse to violent 
methods on the slightest provocation, aic to some 
extent the result of suffering caused by rise in prices, 
widespread black marketeering, and fall in produc- 
tion* which the Government has not found possible 
to control. 

The methods adopted by those in power to meet 
the situation shows little grasp of facts and a tendency 
to tush _from' one hasty generalisation to another. 
For example, when supply of cloth or other commo- 
dities become tight, there are talks of control, or 
nationalisation of the industries. Now 'Nationalisa- 
tion’ means taking over the Industry by the Govern- 
ment and running it by its own officers. But whilst 
capitalists may not be a lovable lot, and nationalisa- 


tion may ultimately prove a blessing, have those who 
raise the cry of Nationalisation to cover their own 
failure to meet a problem, ever given thought to tlie 
fact that even industries and activities which are at 
present completely nationalised, are not running 
efficiently. Take rail-road communication, telephonic 
service in our big cities, or the armament industries 
which are all completely nationalised. These services 
were very efficient before the war, why have they 
now become byewords for inefficiency ? The problems 
of bringing back these services to their pre-war 
standard of efficiency are all known, and can be 
tackled swiftly and efficiently by a determined 
Government- Tt is up to Government representatives 
to explain to the public what steps they are taking 
and when they expect to bring the services back to 
their pre-war standard of efficiency. 

No problem can be solved if those in power still 
persist in passing from one slogan to another, and 
thus rousing the people to mass-hysteria to cover their 
ow r n inefficiency. All problems must be studied in 
an objective way and operations to be taken should 
he decided after objective study of facts and figures, 
and a careful consideration of the consequences to 
which these operations may lead. This requires 
widespread use of a method which has received the 
name of ‘Operational Research’ in course of the last 
War. 

There have been various definitions of the term 
‘Operational Research’, and one of the best is due to 
Rittel Operational Research is a scientific method of 
providing executive departments with a quantitative 
basis for decisions regarding the operations under 
their control ’ ! 

The method of operational research was evolved 
during World War II, by bands of scientists used to 
objective thinking in the laboratories, when con- 
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fronted by such problems as defending Britain against 
air-invasion or submarine menace. Methods of opera- 
tion of the available fighting material were evolved 
by teams of scientists from actual objective study 
of effects of air attack on U-boats, or use of radar and 
fighting aircraft against bombers. The air or coastal 
command had thus to be guided in their decisions by 
teams of scientists. The psychological effect of the 
intrusion of scientists in the matters of tactics on the 
mind of the military command was sometimes not 
very happy. In fact, a senior Bomber Command 
Officer enquired indignantly whether the war was 
to be fought with slide rules or the weapons. But 
thanks to the support by the Prime Minister, the 
slide rule was preferred and won ! 

There is a consensus of opinion amongst 
scientists who have evolved the operational method 
in war that it can also be applied to peace time pro- 
blems. In course of a discussion, Prof. J. D. Bernal 
says: ( Nature , November 31, 1947) 

“The same needs, he contended, that led to the 
appearance of operational research in war should now lead 
to the conversion of that experience to peaceful uses, since 
tlie gap between imports and exports and the impossibility 
of Britain feeding itself are at least as serious and imme- 
diate as any war situation. ‘Operation Production* should 
be considered with the same urgency and common purpose 
as ‘Operation Overlord*. The technique of operational 
research could be made available to find out what has to 
be done, to check the success of the operation and modify 
its conduct. It is essential that the country’s very limited 
resources ip trained man-power in engineering and science 
should be used in the most effective way with a scientifically 
determined system of priorities, weighing not only present 
resources, but also those which Could be increased, often 
by very large factors, by the application of higli-pressure 
research and development. Ouh a combination of eco- 
nomics, engineers and scientists could achieve this ; but 
they must operate on the highest planning authority in 
the country. The most obvious priorities are coal, stefel, 
building and agriculture but others such as transport, 
distribution and the utilization of chemical wastes may 
prove equally important. Prof. Blackett’s general principle 
of operational research should be used, to do those things 
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which combine the greatest need with the most rapid 
possibility of achievement. 

All these are in the nature of economic planning, but 
physical research is required wherever materials and tech- 
niques have to lie transferred from their present use to 
some new one. Lively and effective research would also 
be necessary on the workshop and farm level, and all the 
ingenuity in the country would be needed to solve the 
thousand small problems that would arise. Thousands of 
scientific workers and engineers are being used in a waste- 
ful manner or for purposes of secondary importance — a 
very large number in industry and probably as many in 
Service research. Operational research is needed to find 
the best distribution and to check redistribution. It would 
he tragic, he concluded, if this one organisational develop- 
ment of the War were not given the chance to show its 
capacity in the peace.” 

We believe that the use of ‘Operational Research 
Methods’ to peace time problems, advocated by 
Prof. Bernal for Britain is applicable to almost every 
country, particularly to India. But here we are faced 
with a very serious problem first the dearth of a 
sufficient number of men trained in the methods of 
scientific research and objective thinking, secondly 
lack of support of recommended measures by those 
in power. 

Tt is only the universities and higher research 
institutions which can provide us with men capable 
of objective thinking and undertaking operational 
research to help the executive. But the British 
bureaucrats who were in power till a year ago, did 
not encourage higher university education or growth 
of research institutions. The new Government have 
not yet taken any decisive steps for the amelioration 
of this state of affairs. The percentage of provin- 
cial budget spent on education still ranges from 5 
to 18 per cent, and the educational expenses of the 
Central Government still continues to be less than 
1 per cent of the total budget ! Contrast this sad 
neglect of University education in India with condi- 
tions in China where, according to a clause in the 
constitution, 15 per cent of the central budget must 
be spent on education. 
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POLITICIANS VS. SCIENTISTS IN THE U.S.A. 


[We reproduce the two following communications 
from the Nucleonics, and the Science News Letter, 
which describe vividly the present difficulties under 
which scientists have to work in the U .S. A . It 
appears that secrecy regulations , introduced to retain 
J,he secret of the Atom-Bomb , is vitiating the 
scientific atmosphere. Prof. E. 11. Condon , who 
figures chiefly in these communications is a physicist 
of international reputation, author of the ‘ Frank - 
Condon Principle *, joint author of the theory of 
a-ray disintegration and is at present director oj tin 
Bureau of Standards , Washington, D. C. — Ed: 
Science ani> Culture). 

Condon asks Investigation by Senate-House 
Committee 

/\N March 4th, Dr Edward IJ. Condon, director 

of the National Bureau of Standards, sent the 
letter below to Senator Bourkc* B. Hickenlooper, 
chairman of the* Senate-House Committee on Atomic 
Energy. This letter was written as an appeal for an 
investigation of the “problem of proper relations oL 
the Government to scientific personnel”. It was 
requested that this investigation be apart from that 
being conducted by the Committee on Un-American 
Activities, the committee which directed charges of 
“disloyalty” against Dr Condon last month. 

The following is the text of ihe letter : 

“As you know, the House Un-American Acti- 
vities Committee has released a report making insinua- 
tions about my loyalty and charges of un trust worthi- 
ness as a scientist in the Government service. 1 am 
not concerned about these charges as they affect me 
personally. These same accusations were made in a 
newspaper story and in magazine articles written by 
Congress man Thomas (J. Parnell Thomas, Republi- 
can, New Jersey) in June of 1947. Before that time 
and since then I, like other Government scientists, 
have been investigated and re-investigated by 
various agencies of the Government and, so far as I 
know, have been uniformly cleared. In fact, in July 
1947, after Congress man Thomas’ articles appeared, 
I wrote Congress man Thomas and the members of 
his committee offering to appear before the committee 
and to help in any way to answer any questions that 
they might have concerning me. I received no 
answer. 

“Th&t, however, is not the issue that concerns 
me. As in the case of many other scientists, Govern- 
ment service is pot for me merely a means of 
making a livelihood. It is an opportunity to serve 
my country and its scientific advance. 


“What concerns me is the national weakness and 
disintegration of our scientific position, if this whole 
question of proper relations between working scien- 
tists and their Government is not fully clarified. It 
seems to me that this should be done at once. 
Because of the very special position which atomic 
energy has in matters of scientific research, I there- 
fore respectfully suggest that your committee give 
this matter a complete hearing and careful study. I 
have been trying since I came to the Government to 
develop and improve the staff of our principal Federal 
agency, the National Bureau of Standards, for funda- 
mental research in physics, chemistry, mathematics 
and engineering. The work of the bureau in the field 
of atomic energy is limited, but important, and the 
vital character of atomic research to our national 
security and well-being is such that no part of it can 
be endangered or imperilled for any cause without 
great damage to the country. 

“Frankly, recruiting and keeping scientists in the 
Government service is not an easy job at best, because 
of salary limitations, budget difficulties and the noto- 
rious amount of administrative detail with which the 
Federal Government burdens its scientists. But in 
addition to that there has been a mounting tension of 
threats, of purges, spy-ring exposures, publicity 
attacks and sudden dismissals without hearings. 

“All of these make scientists increasingly re- 
luctant to work for the Government. They greatly 
unsettle their minds, and distract them from the 
eieative efforts which we hope to get from them. 
Becau.se of these conditions it is becoming increas- 
ingly difficult to ask a man to accept a position with 
any scientific agency of the Government. 

“This is a matter of concern to your committee 
because such conditions also apply to the operations 
directed by the Atomic Energy Commission. Only 
last week a prominent physicist from the laboratories 
at Oak Ridge came to see me, and told me that a 
group of them were going to leave and wanted to 
come to work for the Bureau of Standards. I could 
give them no assurances that conditions of work in 
the Bureau of Standards would be any better than 
the conditions at Oak Ridge as they were described 
to me. While this person seemed sceptical at the 
time I am sure he is this week convinced of the truth 
of what I said. 

“An honest reading of the history of the war 
will show that Germany, Italy and Japan greatly 
weakened their scientific condition by a series of 
purges of prominent scientists and a general intimida- 
tion and stifling of the spirit of free inquiry among 
the others. It has been said that after every war the 
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victims adol't the vices oj the vanquished. I am 
sincerely concerned that we are on the point of doing 
that in the matter of how wc deal with scientists in 
Government. 

“The issue is larger than appears on the surface 
because with the growing inter-relationsliip of 
science and government there are today very few 
working scientists (at least in the physical sciences) 
who are doing work for the Government or associated 
with institutions deeply involved in this kind of work. 
Therefore the whole scientific life of the nation is 
involved. 

“I am convinced that your committee, with its 
established record of careful thorough study of the 
problems before it, could do the country a great 
service by studying the whole problem of proper 
relations of the Government to scientific personnel. 
Your committee has justly earned the confidence of 
the nation’s scientists, as well as the general public, 
by reason of its demonstrated understanding of the 
nature and importance of the scientists’ work. 1 
would hope that an investigation by your committee 
would result in restoring conditions in which men of 
intelligence will be willing to work for their govern- 
ment and will not be constantly harassed and harried 
by irresponsible attacks on their character. It must 
be remembered that the physicists of this country 
instituted voluntary security measures in 1939 long 
before they were able to get their Government to 
show an interest in atomic energy matters. 

“In fairness and justice we must put an end to 
public smears on scientists in and out of Govern- 
ment, and we must also do it in order not to throttle 
the scientific research which is so important to the 
material side of our civilization. 

“If your committee should undertake to make 
this study I assure you that 1 will be glad to co- 
operate in every way, and I am confident that 
scientists and scientific organizations throughout the 
nation will provide you with every assistance you 
may desire.”— (Nucleonics, April, 1948). 


Dr Condon is Defended 

Requesting that distinguished scientists be per- 
mitted to testify and that Dr Edward U. Condon, 
director of the National Btfreau of Standards, be 
given an opportunity to cross-examine witnesses, 
attorneys for Dr Condon have sent a letter to the 
House Committee of Un-American Activities regard- 
ing the hearing scheduled by the Committee for 
April 21. 

The letter from the attorneys, the firm of Arnold, 
Fortas and Porter, was signed by the three partners : 


Thurman Arnold, former assistant U. vS. Attorney 
General ; Abe Fortas, former Under Secretary of the 
Interior ; and Paul Porter, former administrator of 
the OffieC of Price Administration. They declared in 
part : 

“The effect of the publication of youi* accusa- 
tions against Dr Condon, and of the inflammatory 
and reckless manner in which that was done, may 
be devastating to the national interest. There is 
abundant evidence that it has impaired the security 
and peace of mind of ] tactically all of the leading 
scientists who are now employed on atomic bomb, 
radar, and related projects of fundamental importance 
to our security. Your actions must inevitably cause 
scientists to hesitate to accept work in these fields ; 
and they will doubtless tempt scientists now em- 
ployed in these activities to seek other work of less 
national importance where their reputations will not 
be exposed to irresponsible attack, and their civil 
rights will be safe. 

“In fact, we respectfully suggest that the 
practices of your Committee may be retarding the 
scientific research which is the most vital part of our 
defence programme. 

“The number of scientists ^qualified for the 
exacting work required on many crucial projects is 
small. The need for their services at this critical 
point in history is great. Hitler drove out of Germany 
the very men qualified to discover the atomic bomb. 
Among them were Albert Einstein, Leo vSzilard, 
James Franck, Hans A. Bethe, Otto Stern and others, 
who came to this country and made possible our 
development of the atomic bomb. Mussolini drove 
Knrice Fermi out of Italy. Dr Fermi is now one of 
our most distinguished atomic scientists. The Com- 
munists persecuted George Gainow, and forced him 
to flee from the Soviet Union. Dr Gamow is now one 
of our great nuclear physicists. 

“These men and many others, including out- 
standing native American scientists like Dr Condon, 
now have reason to wonder whether they will be 
allowed to work in this country, free from molesta- 
tion. 

“Nothing can serve the ends of Communism 
to-day better than the intimidation of American 
scientific personnel through such tactics as your 
Committee has followed in the Condon case to date. 
This Committee must avoid becoming an unconscious 
instrument of Communist purposes. 

“We therefore respectfully suggest that the 
Committee exercise extreme care in proceedings in- 
volving this country’s critically important scientific 
programme and, further, that you avoid the possi- 
bility that your activities might aid and abet the very 
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forces you seek to combat— namely, Communism and 
the apparent effort of its agents to create disunity 
and confusion in this nation. ” 

Enclosed with the letter to the Committee was 
a copy of an invitation letter sent out by Dr Harold 
C. Urey, N obeli st in chemistry at the University of 


Chicago, as chairman of the Dinner to Edward U. 
Condon Committee. The dinner will be held ‘‘as a 
testimony of confidence by his scientific colleagues'* 
in New York City, April 12. Sponsors of the dinner 
arc more than 100 American leaders in various fields 
of science . — (Science News Leltct, April 10, 1948). 


TIME AND CHANGE IN THE METAGALAXY 
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IIARLOW SHAPLKY 

HARVARD C(H,I,hCK OBSERVATORY, CAMBRIDGE, MASSACHUKKTTS, S. A. 


JTOW much of primeval chaos remains in the 
sidereal universe, and how much of order, is 
partly a question of definition. We are inclined, for 
working purposes, to define stars and their attendant 
planets, comets, and meteors as orderly parts of the 
cosmos, and leave in the chaotic category the inter- 
stellar and intcrgalaetic dust and gas, and the swirls 
of nebulous matter that are impelled through space 
by radiation pressure and other dissipative forces. 
13 lit this definition is quite artificial. No true chaos 
exists for one who knows all the laws, and all the 
motions and masses of all material. In the micro- 
cosmic world, the Heisenberg principle would suggest 
that no such knower could exist. But we are speak- 
ing macrocosmieally. We are not yet blocked by 
unknowableness. Our progress toward understanding 
the nature and the past and future history of the 
material universe will come through the formulation 
of partial laws, applying them to incompletely 
observed phenomena, and testing the predictions that 
evolve from the assumptions and analyses. 

The Time, here considered extends over a 
hundred million years ; the Change cannot be directly 
observed. It must be inferred from contemporary 
evidence on objects near and far, and therefore, 
thanks to the finite velocity of light, on objects old 
and young. 

Fortunately for our progress, there are observable 
changes in the stars and even in the galaxies. We 
measure many kinds of variations ; for example, the 
changes in position on the surface of the sky (very 
slight outside the solar system), and changes in 
i motion, in light, surface temperature, and spectrum 
— but scarcely yet in age. From these measures, how- 
ever, we 'try to infer the ages of various sidereal 
bodies, and also the chemical composition, dynamical 
history, direction of evolution, and destiny. The 
problems .are large and our resources are small. The 
examination of the ratio of recognized order to 
Apparent chaos, and the relation of change to time, 


arc fields of inquiry that arc discouraging to those 
who would avoid philosophical speculation and 
would stay near the observables. There seem to be 
too many vague puzzles. But still, when we note 
how great was the progress in our understanding of 
the stellar universe during the past forty years, we 
see that continued observation, and theoretical attacks 
on the problems we know enough to formulate, will 
probably provide during the next generation the 
grounds for demonstrating how primitive our present 
concepts are. 

To help in making obsolete as many of our 
current views as possible, the Harvard Observatory 
has specialized in the study of the southern sky, 
which of necessity is somewhat neglected, because of 
the concentration of man-power and mind-power in 
the northern latitudes. Harvard’s large southern 
station in the Orange Free State, South Africa, is 
dedicated in considerable part to studies of the 
Metagalaxy '-the over-all system of galactic systems. 
But the several researches reported in the present 
communication on Time and Change in the Meta- 
galaxy will deal both with problems that could not 
have been handled from the northern observatories 
and with others that require work in the North only. 
The separate reports respectively concern : 

1 . A description of major features of the 
Metagalaxy. 

2. Progress in the metagalaetie survey at 
Harvard. 

3. An atlas of 78,000 galaxies north of Virgo. 

4. The galactic anti-center and its variable 
stars. 

5. Exploration of the Magellanic Clouds by 
means of variable stars. 

6. Distribution of luminosity in galaxies. 

7. Notes on the direction of development of 
galaxies. 
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Introductory Concerning thk Metagalaxy 

Although the Metagalaxy was not in our science 
thirty years ago, we have now acquired a simply 
described picture of it. In a vast but perhaps not 
limitless expanse of space and time we find that the 
common luminous units are galaxies, of which the 
principal constituents are stars. The number of stars 
in a galaxy seems to be of the order of ten thousand 
million. But there is a wide dispersion in population. 
A supergiant galaxy, like our own Milky Way system, 
may contain more than two hundred thousand million 
stars, while some dwarf galaxies contain scarcely 
more than ten million. Indeed, there may be sub- 
dwarf galaxies, of still smaller population ; and 
already there is convincing evidence that some of 
the external star clouds, that we would now call 
galaxies, are probably no more massive, or luminous, 
or populous than the greatest of the nearby globular 
star clusters. Thus the bright globular cluster, 47 
Tucanae, at a distance of only 25,000 light years, is 
approximately as luminous intrinsically as the faint 
irregular galaxy IC 1613, at a distance of about 
750,000 light years. 

Involved in the star fields of the individual 
galaxies, especially in those of spiral and irregular 
form, are both bright and dark nebulae, and groups 
of stars in all degrees of organization, from the com- 
pact million-starred globular systems and the clusters 
of the open Pleiades type, to the multiple stars and 
simple binaries. Not so easily recognized as stars and 
nebulae is the widespread interstellar and perhaps 
intergalactic medium which is composed of electrons, 
atoms, molecules, and particles — the material (mostly 
lightless) that causes the absorption, blocking, and 
scattering of light. 

This universal background stuff may be the 
most significant feature of the physical universe, 
with the stars only a phase that has monopolized 
human attention because they generate a radiation, 
as a result of concentration of mass, that happens to 
affect strongly one human sense organ. Analogously 
we have until recently considerably over-rated the 
little segment of the spectrum from violet to red 
which our eyes recognize. To the “short” of violet 
and the “long” of red are the energies that empower 
and reveal the universe. 

All of these material entities, from interstellar 
atoms, through stars to supergiant galaxies, are of 
interest in the study of the structure of the Meta- 
galaxy ; but our attention will be given in this paper 
mostly to the galaxies themselves, since they permit 
us to explore the depths of space more extensively 
than do the individual stars or the interstellar gases . 

The average separations of stars one from 
another is much greater, compared with their linear 


diameter*, than the relative separations of galaxies. 
Iii ordinary regions of the Metagalaxy there is less 
than a hundred galaxy-diameters from one system 
to the next, and in some rich regions there is an 
average separation of not over ten diameters ; whereas 
from star to star in the neighbourhood of the Sun 
there is an average separating distance of more than 
ten million Sun-diameters. 

In each galactic system we lind a considerable 
variety among the galaxies, especially in size and 
structural organization. But the inaccessibility of 
most galaxies, and our scanty knowledge of those 
within range, has led us to classify them into rela- 
tively few types — the spheroidal ; the spiral ; the 
irregular ; and the as-yet-unelassifiable, which is of 
course an enormously large group containing more 
than ninety per cent of all now known. Distance, 
with consequent faintness and small dimensions oil 
our photographic plates, hides from us the structures 
of most of the galaxies that appear on the long- 
exposure photographs made with the telescopes most 
suitable for the recording of galaxies. Such remote 
objects can be described only on the basis of shape 
and central concentration. Fortunately, however, a 
few thousand of the galaxies are near enough to 
permit somewhat detailed classification and analysis. 
We like to think that they are a fair sample of all 
the galaxies within a thousand million light years. 

Our sketchy metagalactic picture can be con- 
cluded with a reference to the red shift in the spectra 
of external galaxies— a shift that is highly correlated 
with apparent brightness and therefore with distance, 
and which has thus led to the Hypothesis of the 
Expanding Universe. That the hypothesis is correct, 
and refers to all of the space we survey, is probable, 
but not conclusively demonstrated. If we accept the 
hypothesis, we can refer to the age of the expanding 
universe. We lind evidence that a few thousand 
million yedrs ago there was an important epoch in 
history — an epoch that saw the beginning of the 
rapid expansion, the beginning also of the Earth’s 
crust (and of the Earth itself), and a primitive 
arrangement of the star clusters in our own galactic 
system. How much of the evolution of stars and 
galaxies has occurred since that hypothetical zero- 
point in time, we are not yet ready to say. Observa- 
tions such as those summarized in the following 
sections of this paper should eventually contribute to 
our knowledge of the inter-relation of Time and 
Change in the Metagalaxy. 


Progress in a Mbtagalactic Survey 

F or a score of years one Harvard telescope in 
the southern hemisphere, the Bruce 24-inch refraetc/r 
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(Fig. 1), has been accumulating photographs, each 
of three hours exposure on large fast-emulsion 
plates, as a part of a comprehensive survey designed 
to advance knowledge of the external galaxies in the 
southern and equatorial sky. Ten years ago a similar 
photographic doublet, the 16-inch Metcalf telescope, 
was moved from the Cambridge station to the new 
Oak Ridge station of the Harvard Observatory and 
there we undertook to cover systematically the 
northern sky as a part of the same metagalactie 
survey. In Fig. 2 we reproduce a map of the whole 
sky on ail Aitoff projection — a projection which for 
most of tlie sky gives an equal number of square 
degrees for each square inch on the map. 

The survey, as indicated by the figure, was 
more than three-fourths completed when in 1942 the 
work slackened because of war emergencies. The 
power of the plates varies somewhat over the sky 
because of atmospheric and seasonal variations, and 
because of inequalities from year to year in the 


when, in a survey limited as this one is by apparent 
brightness, we take -15*2 as the average . absolute 
photographic magnitude of a galaxy. The distance 
is 35 megaparsecs, or approximately 115,000,000 light 
years. 

The calculation refers to average systems only. 
The giant and supergiant galaxies will, of cour.se, 
appear in our census even when they are much more 
remote than 35 mcgaparsecs. Some as distant as two 
hundred million light years are recorded. But 
occasionally dwarf galaxies at a distance of only fifty 
million light years are too faint intrinsically to appear 
in our census. Most of the galaxies have lumino- 
sities distributed so closely around the mean that we 
can fairly say that our survey covers metagalactie 
space to a distance of a hundred million light years. 
In low latitudes, however, where the brightness has 
been dimmed by interstellar space absorption, the 
survey does not reach so far, and near the galactic 
circle it reaches nowhere at all because of the com- 



PlO. 1. A portion of Harvard Kopje, Orange Bree State, South Africa. On the right is the 
24-inch Bruce refractor which lw-i photographed several 1m mired thousand faint galaxies. 


speeds of photographic emulsions. But since j dates 
of low quality are systematically repeated, we can 
claim a fair degree of uniformity for the survey. The 
aim i$ to photograph the stars of the whole sky to 
magnitude 18‘0db0‘2 ; such photographs give in 
general a complete picture of the distribution of 
external galaxies to magnitude 17*5±0‘2, The 
corresponding distance in parsecs to which the survey 
reaches for an average galaxy in high galactic lati- 
tude, where space absorption is small, is computed 
from 

' log d = 0*2 (17*5+ 15 2) 1 1 


plete blocking by the clouds of obscuration along the 
Milky Way. 

The long exposure photographs now available in 
the eighteenth-magnitude survey show approximately 
half a million galaxies, more than nine-tenths of 
which are first recorded on these two series of plates. 
The completed survey, which will include many re- 
peats of earlier photographs, should put on record, 
and into our statistical analyses, something more 
than seven hundred thousand galaxies, of which 
perhaps twenty per cent lie beyond the one hundred 
million light year limit. If it were not for low- 
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latitude si>aee absorption, the number within this 
distance could be nearly doubled. In other words, 
we find that at least a million galaxies are within a 
hundred million light years of the Kartli. 

If the mass of an average galaxy, including the 
interstellar material of its domain, is H) 10 times that 
of the Sun, Ihe mean density in space is 
5 * 10 ;JU g/cc. 

throughout this surrounding volume of 4 x K)- 1 
cubic light years in a lower limit. We have pro- 
bably underestimated the number and mass contri- 
bution of the dwarf galaxies that because of faint- 
ness will not be recorded in the Harvard survey, and 
possibly also we have underestimated the mass of 
interstellar material. A value p 10 g/cc is pro- 
bably a better value. 

( hit to the greatest distance where an average 
galaxy could still be photographed with the largest 
reflecting telescopes, there should be at least tw'o 
hundred million galaxies. That distance is some- 
thing like six hundred million light years, if space 
is effectively transparent in these outer regions. 

A supergiant galaxy like our own system could, 
however, be photographed with many of the tele- 
scopes now’ existing at double that distance. No 
doubt we have with the Bruce telescope already re- 
corded objects a billion light years away, but we 
have not identified the specific images of such galaxies 
among the thousands at the magnitude limits of our 
photographic plates. We deduce their presence 
statistically. 

* i 

An Atlas of Northern Galaxies 

In the northern part of the constellation Virgo 
is a well-known cluster of some two hundred bright 
galaxies, with magnitudes ranging mostly between 
10*5 and 14*5. The diameter of the main body of the 
group, which is centered on R.A. 12 / '80 ,w , Dec. — 12°, 
is some 10°, but there are many outlying systems 
that, on the evidence of comparable brightness, 
could reasonably be assigned to this large cluster or 
cloud of galaxies. The most conspicuous extension 
of the cloud is to the south, through Virgo to the 
constellation Centaurus, at Dec. *30°-— giving a total 
extent of some five million light years. 

To the north of the Virgo cluster is a wide 
scattering of bright galaxies, covering the north 
galactic pole in Coma, and spreading over the con- 
stellations of Ursa Major and Canes Venatici. In 
our general study of this important northern region, 
we have photographed not only the bright galaxies, 
but also the background upon which they are super- 
imposed. It is possible, therefore, to present, in 
the diagram, Figure 3, a plot on an equal area 
projection of the distribution of faint galaxies 


over all that area lying north of declination + 40° 
in higher galactic latitude than +20°. The survey 
plates were made with the Metcalf telescope at Oak 
Ridge, with three-hour exposures on last plates. 

The total of approximately 3600 square degrees 
covered by this survey contains about 78,000 galaxies 
to the magnitude limit of 17*6. Before making the 
diagram showing the distribution of the faint galaxies, 
all the plates have been reduced to a common magni- 
tude limit. Appropriate allowance lias been made 
for overlapping of plates, but no attempt has been 
made to plot accurately the positions of individual 
galaxies within each square degree ; as a result, we 
have an axaggerated smoothness in the plotted dis- 
tribution. The many real clusterings and other 
irregularities, however, arc clearly shown. In parti- 
cular, it is easy to see the effect of space absorption 
on the number of photograpliable galaxies in galactic 
latitudes from -I 20° to -I 30°. A few regions in this 
large cloud of galaxies remain to be analyzed, and 
the conspicuous clusterings are now under special 
investigation w r ith the aid of the Schmidt relleclor 
at Oak Ridge. 

A preliminary examination of the dependence of 
the number of galaxies in this part of the northern 
sky on the galactic latitude is assisted by Figure 4, 

Norpbtr 



Ejo. 4. Illustrating tbe effect of space absorption on 
average number of galaxies per square degree. 


where the average number of galaxies per square 
degree is plotted for five degree intervals of galactic 
latitude. (For latitudes greater than 4 75° the 
material is supplemented with observations not re- 
presented in Fig. 3.) There appears to be no certain 
dependence on latitude above +40°. Below -F40°, 
the number of galaxies per square degree falls off 
rapidly — more rapidly, in fact, than in most other 
parts of the sky. This evidence of strong space 
absorption for latitudes between +20° and 1-40° in 
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the northern sky corresponds to tlie “ flare* * of 
absorption in Cepheus, previously pointed out by 
Hubble, 1 and later confirmed by researches cm the 
North Polar Cap by Sliapley and Jones 2 . This 
Cepheid flare extends over the North Pole of the 
sky, and produces considerable absorption and some 
reddening in the important field of the North Polar 
Magnitude Standards near Polaris. 2 The flare is 
limited in galactic longitude, as can be seen in Pig. 3. 

It is of passing interest to note that we have 
photographed 1760 galaxies through the Howl of the 
Big Dipper. The galactic coordinates of its center 
are A^ll()°, /4- 1 45°. 

The examination of the photographs for the 
work described in this section has been chieily in the 
hands of Miss Rebecca Jones, with assistance from 
Miss Prances Wright and others ; the photographs 
with the Metcalf refractor were nearly all made by 
Mr Henry Sawyer at the Oak Ridge station. 
Further description of the work will be published 
elsewhere. The dependency of galaxies on galactic 
latitude can be better analyzed after the photographic 
magnitudes of the individual objects have been deter- 
mined. 

Tiik ( 1 /VI, act ic A NT 1 -CENTER 

Diametrically opposite the galactic nucleus, 
which lies chiefly in Ophiuchus, Scorpio, and Sagitta- 
rius, is a less significant, but nevertheless important 
region of the sky. In the anti-center region we can 
hoj>c to discover most easily the extent of the Milky 
Way in its own plans, and effectively explore the 
outer regions of a spiral galaxy. 

Obscuring matter along the galactic ciicle in 
Taurus and Auriga, the anti-center constellations, 
blocks measurements in low latitudes. Any useful 
distance-indicator requires transparency, or quanti- 
tative knowledge of the absorption. By making a 
careful simultaneous study of Cepheid variable stais 
and external galaxies in latitudes higher than fifteen 
or twenty degrees, on both sides of the Milky Way, 
we can, however, get at least ail appioximate measure 
of galactic extent in the direction opposite the center. 
The periods and brightness of the Ceplieids along the 
borders of the Milky Way give us the first estimates 
of distances. They give maximum values. The 
number of faint galaxies give a rough measure ol 
the total amount of space absorption in each field 
photographed for variables, and therefore, indicates 
how much correction must be made to the photo- 
metrically determined distances of the Cepheid 
variable stars. 

The systematic study of the anti-center variables 
has been in progress for five years. The region under 
survey is shown in galactic coordinates in Fig. 5. 
Several hundred plates have been made for the dis- 


coveiy and measurement of the faint Cepheids. 
Various photographic telescopes are being ' used, 
chiefly those located at the Oak Ridge station ; and 
the most effective for the work, because of large field 
and deep reach, are the 16-inch Metcalf reti actor and 
the 24-inch Jewett Schmidt-type reflector. The 
variables previously known and catalogued in the 
anti-center region are in general too bright and too 
near, or too much involved in the lower-latitude 



Fk;. Ihugrum Miowing the two uiUecciiltT regions 
under spec i.iJ exploration Jor t epheid vurnihle Mats. 
The elustei \utiahks in lilts purl <>t the sky that were 
known at the time the work was begun are shown as 
dots when brighter ihan photograplne magnitude 12, 
and a, pmee^s when taint er. Those close to the 
galactic circle, fi- 0*', arc gcueraly too much troubled 
by space absorption to be useful. More than n hundred 
new vaiiables June tiow been discovered in the two 
legions, and many are i luster t>pe Ceplieids. 

absorbing clouds, to be useful in this work. The 150 
variables, newly discovered for this study by Miss 
Martha Dowse, are mostly fainter than the fourteenth 
magnitude, and many are located in the regions 
where the population of galaxies is sufficient to indi- 
cate high space transparency. 

Of the new variables, many are of the cluster 
type, and at this stage of the research, we can report 
that several ate as far from us in the anti-center 
direction as we are distant from the galactic center. 
Presumably these faint variables are members of the 
galactic system, not intergalactic ;’but some of them 
may be in the “star haze” surrounding the discoid 
of Hie galaxy, n lather than in the main body of our 
flattened spiral system. 

Rventually the research on the anti-center region 
will involve starcounting and the analysis of the 
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colors and spectra of faint stars, as well as the present 
exploration by way of galaxies and Ceplieid variables. 

Variable Stars in the Cu>t t i>s of Magellan 

The Magellanic Clouds, as the nearest of external 
galaxies, are important in our study of the Meta- 
galaxy because of their resolvability, their irregular 
forms, and their significance in the local cluster of 
galaxies. Their Cepheids are of wide cosmic useful- 
ness. They provide much information valuable to 
the study of Cepheids in our own galaxy. Recent 
investigations in the Clouds have brought out some 
new facts about Cepheids and have reinforced others 
already surmised. A few are summarized in the 
follow ing paragj aphs. 

(a) Continued study of the photographic plates 
has increased the number in the two Clouds of re- 
cognized classical Cepheids (periods greater than a 
day) to more than tu'enty-five hundred. A score of 
irregular variables and eclipsing stars, found and 
studied on these photographs, are mostly giant and 
super-giant members of the Clouds, rather than inter- 
vening galactic variables. Many of them are a 
thousand times the luminosity of the Sun. 4 


either Magellanic Cloud have been found, notwith- 
standing the use of special scries of plates with the 
60-inch reflector at the South African Station. 
Certainly such stars are very rare in the Clouds, in 
striking contrast with the situation in the galactic 
system where the cl luster type Cepheids are much 
more abundant than the classical Cepheids. 

(c) In the core of the Small Magellanic Cloud 
are many classical Cepheids with periods abnormally 
long — ten to twenty days — with scarcely any of the 
dominant period length, that is, of two to five days. 
A similar scarcity is shown in our accumulating data 
on the globular star clusters, and it is especially 
conspicuous for classical Cepheids in the direction 
of the galactic center, where the “16-day Cepheid” 
is especially dominant. In all three regions'’ the 
star deusit\ is high. This peculiar distribution of 
the periods is doubtless a matter of evolutionary 
significance in the history of rich stellar systems. 

(d) Certain regions of the Small Cloud have 
been thoroughly studied for the magnitudes and 
periods of the variables. Selection on the basis of 
period or brightness is thus eliminated. The distri- 
bution of the lengths of the periods in these 
thoroughly explored regions is show'll in Fig. 6. 


Number 



Fig. 6. Distribution of periods of classical classical Sepheids in the Small Cloud. 


(b) About a dozen cluster-type Cepheid variables 
(periods less than a day) are found on the photo- 
graphs of the vSmall Magellanic Cloud, but probably 
without exception these objects are all superposed. 
No cluster variables that are definitely members of 


The maximum frequency appears for periods of 2‘5 
days, whereas, for the regions in the solar neighbour- 
hood, the maximum is between four and five days. 
The contrast is in small part a matter of incomplete- 
ness of the surveys in our own galaxy ; but pearly 
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it indicates a basic difference in the Cepheid pheno- 
mena in adjacent galaxies. 

(c) As a further result of the study of the periods 
and light curves of more than five hundred of the 
Cepheid variables distributed all over the Small 
Cloud, we have confirmed, as noted above, the fact 
that Cepheids of longest periods show a preference 
for the dense central regions* and that the shortest 
periods predominate in the intermediate and boundary 
regions. This peculiar phenomenon has not yet 
been established for the large Magellanic Cloud 
(Fig. 7), where much less material is as yet available*, 
and where, very surprisingly, scarcely a variable with 
period less than 2'5 days has thus far been found. 


photometric measuring errors, including the doubling 
effect in the crowded star fields ; thickness of the 
Cloud in tile line of sight, and patches of absorbing 
material within the Clouds. 

(g) An apparent extension, or wing, of the 
Small Magellanic Cloud was recently discovered. Its 
distance lias now been determined by means of 
Cepheid variable stars, and it is shown to be a physi- 
cal part of the Small Cloud — not an independent 
system at some other distance. The wing extends 
toward the large Cloud. 

In the investigations of the Cepheid variable stars 
in the Magellanic Clouds, reported in the foregoing 



Fig. 7. The Large Magellanic Cloud. 


(/) A detailed analysis of the dispersion of 
magnitudes about the period-luminosity curve shows 
that half a dozen factors contribute to the spread in 
brightness. The four most important are the intrinsic 
differences in luminosity for stars of a given period ; 


summarizing paragraphs, I have been assisted by 
Mrs. Virginia McKibbcn Nail, Mr Richard A. Craig, 
Miss Frances W. Wright, and Miss Martha Dowse. 
The photographic work in the southern hemisphere 
has been under the direction of Dr John S. Paras- 
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kcvopoulos, superintendent of Harvard’s South 
African station. 

Distribution op Luminosity in Galaxies 

With the assistance of I)r Patterson I have 
begun systematic studies of the distribution of 
luminosity over the surface of the nearer spheroidal 
and spiral galaxies. The photographic work has 
been done at the Oak Ridge station with a flat-field 
refractor, and the plates have been carefully standar- 
dized throughout the processes of exposing, develop- 
ing, calibrating with the sensitometer, and analyzing 
with the lnicrodcnsilometer. Several workable 
galaxies generally appear on each plate. About half 
of the photographs Tiave been reduced and discussed, 
and a report on one phase of the work has already 
been published. Another discussion will appear in a 
Harvard Observatory publication. Two of the prin- 
cipal results may be summarized in this report. 


galaxies show these spiral arms) appear, therefore, 
to be concentrations or perhaps condensations within 
the systems, rather than ejections from a central 
nucleus. In Fig. 8 the distribution of the diameters 
of the various types of galaxies, as shown by the 
new series of measures, is illustrated, with the 
abscissae expressed in kiloparsecs. 6 The measured 
diameters of the smallest objects are about six 
thousand light years, the median value is twice as 
great, and the largest systems are more than thirty 
thousand light years in diameter and therefore 
approach comparability with our own giant galaxy. 

( )n tiik Evolution ov Oal\xies 

From the foregoing new observations on the 
dimensions of galaxies and the significance of spiral 
arms, one might provisionally conclude that the open 
spirals do not necessarily rcpicsent the older or more 
developed state of a galactic system. If there is deve- 
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Fir,. S. Distribution of dimensions of Galaxies. 


(a) The measurements of a number of spiral 
galaxies, whose galactic planes are highly inclined 
to the line of sight, indicate that only about twenty 
per cent of the light, sometimes much less, of a typi- 
cal spiral is located in the spiral arms themselves. 
Some of it is in the nuclei, of course, but most of it 
is in the little-noticed background of the galaxy. 
The evolutionary implications are obvious. 

(b) The overall dimensions of galaxies of the 
various types appear to be much alike. Earlier 
studies had seemed to indicate that the open spirals 
were several times more extended than the spheroidal 
galaxies. But it now appears from the microdensi- 
tometry that the spheroidal structureless systems 
can be traced to great distances from their nuclei. 
The arms of a spiral galaxy (and three-fourths of the 


lopment along the well-known sequence of galaxy 
forms, it may be in the direction opposed to that 
usually assumed ; that is, in the direction from" the 
most open spiral (Sc) to less open spiral (Sa) to 
highly flattened spheroids (E7), toward the spherical 
galaxy (KO). In such a scheme globular clusters 
like the giant 47 Tucanae, or the still more gigantic 
globular Messier 87, which is a typical spheroidal 
galaxy might be considered the end products of 
galactic evolution. One rather colorless argument 
for this hypothesis is the above-mentioned suggestion 
that spiral arms may not represent rotational ejection 
from the nucleus of a developing galaxy, but repre- 
sent instead merely an inner organization of the 
nebulosity, star clusters, giant and supergiant stars. 
But such an interpretation of the arms does not n^ces- 
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sarilv define the direction of development. Positive 
arguments for a spiral-to-splieroidal trend in galactic 
evolution are the following. 

(a) Because of the shearing action in the rota- 
tion of a galaxy of Glass Sb or Sc (our own galactic 
system, for instance), the star clusters and star clouds 
which characterize these open glaxies must be 
gradually dismembered and the whole system must 
proceed toward structural uniformity. That is, as 
Bok and others have shown, the evolution of loose 
star clusters is toward dissolution. We have visua- 
lized no reasonable mechanism for constructing star 
clouds or loose clusters of giant and supergiant stars 
out of the uniform star fields that characterize the 
structureless spheroidal galaxy. If evolution were in 
the direction of spheroidal to spiral, what could be 
the mechanism that develops incgular clustering of 
giant and supergiant stars? 

(b) The radiant life of supergiant stars is 1 da- 
tively brief, according to current ideas on the atomic 
generation of stellar energ\ . Spitzer and Whipple 
have discussed a pioeess by which the led super- 
giant stars can develop out of dust clouds. But such 
stars apparently do not and cannot evolve in a 
spheroidal galaxy, since my observations on the giant 
globular clusters indicate that interstellar dust does 
not exist profusely if at all ill a globular cluster 01 
in a spheroidal galaxy, which therefore a sterile place 
for production of giant young stars. < )peu spirals and 
irregular galaxies, on the other hand, are characteris- 
tically full of dark and bright nebulosity. There the 
material is available for the birth of giant stars of 
low density. 

(c) The time required for the transition from a 
very open spiral, with its star clusters, nebulosity, 
dust clouds, and supergiant stars, to a globular galaxy 
from which all this population, as well as the flatness 
and spiral structure, has disappeared, would mi - 
doubtedly be so long as to strain severely the short 
time scale of about 10 10 years. The short time scale, 
however, should not be held as conclusively demons- 
trated, notwithstanding strong evidence favouring it, 
such as the age of the Earth’s crust, the speed of the 


expansion of the universe, and the present existence 
of open star clusters in the Milky Way. But even 
within the framework of this limited time schedule 
one could look at the development of galaxies from 
the standpoint of different speeds in two different 
phases ; the first being the rapid and explosive ad- 
justment, when the universe was ‘‘young” -and ad- 
justment which resulted in sidereal matter aggre- 
gating into unit galaxies of many sizes and forms, 
much as we see them today ; and the other phase 
being that more deliberate dynamical and 1 additional 
process that is now going on, and which in the long 
run must tend to smooth out and perhaps round up 
both the irregular galaxies and the considerably- 
nucleated open spirals. There is much room lieie for 
th eoret i ca 1 anal y sis. 

( d ) ( )f the five brightest systems in our local 
group of galaxies, two are irregular (the Magellanic 
Clouds); of the total group of a dozen, half arc irre- 
gular — a much higher proportion of chaos-touched 
systems than we observe elsewhere in metagalactie 
space. Jf these irregular star clouds were isolated 
from perturbing giant galaxies like the Andromeda 
Nebula and our own system, they might eventually 
become much smoother. The Andromeda Nebula 
and our own galaxy both have faint approaches to 
sphericity in the apparently spheroidal haze of distant 
high-latitude stars, which for our system includes the 
higli-velocity “escape” stars of the cluster- variable 
type. But are these spheroidal hazes, which surround 
the massive discoids, incipient or vestigial ? 

References 

1 Hubblt, K., Tin* Distribution of Extra-Galactic Nebulae, 

A sttopliysical Journal, 79, 35, 1934; (Mt. Wilson Obser- 
vatory Contribution 485, 193*1). 

2 Shapley, II. and Julies, R. Ib, Survey of 16, 639 Galaxies 

Nottb of Declination -{70°, Harvard Annals, 106, No. 1, 
pp. 1-361, 1938. 

1 Shaplev , II., Harvard Reprint No. 173; Ptoc. Nat. Acad. 
Sci. , 25, 423-428, 1939. 

' Proc. Mat Acad. Set. (in pros). 

f ‘ Sbaple\, H., Harvard Reprint 192, 1940, Proc. Nat. Acad. 
Sci., 26, 105, 1940; Harvard Reprint 241, 1942, Ptoc. 
Nat . Acad . Sci., 2H, 200, 1942. 

* Shapley, II., Ilatvard Reprint 238, 1942, Pio. Nat. dead. 
Sci., 28, 189, 1940. 



1G 


MATHEMATICS IN THE 1'ROGRAMME OF DEVELOPMENT 


Vol. 14, No. 1 


THE ROLE OF MATHEMATICS IN THE PROGRAMME OF 
DEVELOPMENT OF A COUNTRY* 

N. R. SRN 

SIR K AS HIIM I ARY (.11 OSH PKOFliSSOR OF APPLIED MATHEMATICS, CALCUTTA UNIVERSITY 


“WHY do people buy elephant?” Our school 
mates used to ponder, in our days. The huge 
animals do not work, only they are led in a procession 
once a year and what enormous quantity they glut ! 
It gave them a great headache and the discussion 
went on for a time. At last an answer came, that 
people buy elephants in order to sell them. 
Mathematics in India is still living a life of those 
useless elephants. In spite of the fact that mathe- 
matics occupies quite an important place in our 
school and sometimes in the college courses of ttudy 
and there are a number of good mathematicians in 
the country the onlv answer to the cmestion, “Why 
do people leatn Mathematics” that can be given in 
India now is “People learn Mathematics in older to 
teach others Mathematics”. This is somewhat tragic 
in consideration of the fact that between the two 
great wars large possibilities for application of 
Mathematics to Technical Developments and Industry 
have been discovered and very well organised attempts 
are being made in all advanced countries to exploit 
all opportunities for application of mathematics 
specially after the second world war. A talk in order 
to be of nnv interest now has to orient itself in the 
line how the object of discussion may be useful in the 
general plan of the Development of Social “Economy 
of the country. One may indeed ask this question 
regarding mathematics: “What social purpose is' 
served by mathematics”. Can mathematical study 
and Research be planned so ns to be specifically useful 
in the development of Indian society? 

Definite answers can be given to these questions 
We first note the importance given to mathematics 
in the school curriculum. There is probably no bov 
or girl going to school who has not to learn the rudi- 
ments of arithmetic and simple calculations. To the 
common man the utilitarian side of mathematics is 
most attractive. But the educational experts while 
introducing mathematics in the school curriculum 
meant much more than that. The discipline of the 
mind inculcated by the study of mathematics is a 
valuable part of education and no education is con- 
sidered complete without this discipline. We have 
further the opinion of a great jurist of this country 
that for a jurist the discipline of a higher mathemati- 
cal training is of inestimable value. Anyway the 

* An address delivered at a meeting of tlie past and 
present students of ihe Department of Applied Mathematics, 
University of Calcutta. 


school provides us with large number of boys and 
girls trained in elementary mathematics, which forms 
the corpus from which the future mathematical 
experts and teachers have to be drawn. From the 
school the scholars are transferred to the universities 
which by tradition are our only centres of mathe- 
matical study and research. 

By efforts made mostly between the last two 
great wars we find pure mathematical thought has 
created almost a new position for itself regarding its 
relation to other branches of learning. . Through 
symbolic Logic it has established a connection with 
the Mental Discipline. This is the new hand of pure 
mathematics. The other hand stretches towards 
Natural Philosophy and the Applied Sciences and 
Technology. This hand lias been grasped more and 
more firmly by the striving nations of the world of 
the present day and the* bie^iug.-* flowing therefrom 
seem very far from being exhausted at present. One 
may in future hope to find some close link between 
Mental Philosophy on one side and Natural Philo- 
sophy on the other through mathematical discipline. 

In addition to Natural Philosophy and Techno- 
logy there are other branches of learning which now 
lean more and more heavily on mathematics for 
expansion of their fields of activity. Due to speciali- 
sation every science is diverging out into branches 
and experts in different branches have a tendency 
to get more and more estranged from each other. 
There is a growing endeavour on the other hand for 
a compensating simplification and better understand- 
ing of the basic principles. It is here that modern 
mathematical thought with its everwidening gene- 
ralisations and deeper grasp of things conies to aid. 
The structure of the unifying principles of the 
different branches of scientific thought happens to 
be mathematical. This should supply greater stimu- 
lation and secure better recognition of the needs of 
the study of pure mathematics in all our centres of 
learning. 

Mv object in stressing this point is to point out 
that research in pure mathematical thought can be 
neglected only at the risk of getting the fountain 
source dried up. Technological mathematics, it is 
true, now possesses in its armoury many valuable and 
powerful weapons but at every real stage of progress 
newer weapons have to be forged. We must also 
remember that the nonuse of a weapon furnished by 
pure mathematics at the present day does not? really 
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prove it to be useless. When a Greek philosopher 
drew curious elliptic and parabolic curves on the sands 
of the Aegian Sea and studied them people thought 
him to be crazy. But the world had to wait for 
two thousand years before a German philosopher, 
saw those curves in the sky in the wake of the planets 
moving round the sun. Then did the world really 
bless those 1 days when the whimsical Greek philo- 
sopher regaled himself by drawing those curious 
curves on the Aegian shores. 

Coining to the application of mathematics one 
may ask what aid Applied Mathematics can give 
towards the development of technical and oilier 
sciences in the country. We may generally reply that 
many exact sciences have problems which can be 
solved only with the help of the complicated 
mathematical techniques of the present day. There 
are countries with highly developed Industry where 
manufacturing concerns (r.g. Bell Telephone Com- 
pany in II. S. A.) maintain departments of Mathe- 
matics in which their own peculiar mathematical 
problems are studied and solved. We may not pro- 
bably expect such conditions in India just now as in 
those highly developed capitalistic countries. But 
both in the capitalistic and in the socialistic States 
mathematicians have to plav an important role. For 
instance in the various branches of engineering, 
aeronautics, river .training , geological pros] >ecting, 
meteorology, optics, biology, ballistics, seamanship 
and aviation the need for mathematics is well-known. 
In fact an important development in many branches 
in these subjects is possible only with the close co- 
operation of professional engineers and trained 
applied mathematicians. The mathematician often 
first forms the project after going through the neces- 
sary calculations and the engineer designs and carries 
out the plan. This cooperation is most essential for 
progress in aeronautics and an examination of the 
panel of experts connected with Air Ministi y in ever> 
country show's this. In our clays one may indeed 
come across engineers who are at the same time 
applied mathematicians of very high order. The 
names of Prandtl (Germany), Karmaii (Germaiiv- 
America), and Timoshenko (Russia -Am erica) are well 
known to engineers as well as to applied mathemati- 
cians. Larger and more extensive cooperation of 
applied mathematics with technology has multiplied 
the number of such experts in industrially developed 
countries. The systeiri which has grown up in those 
countries has been to utilise the services of men 
trained as mathematicians for the solution of mathe- 
matical problems which arise in connection with 
technical developments. .Natitrallv, some knowledge 
of technological practices is then necessary on the 
part of the mathematician for the solution of his pro- 
blems, and this, has given rise to a class of specialised 
mathematicians described by such names as “mathe- 


matical technologists” , ‘ ‘ mathematical engineers, * ’ 

who are in a general way acquainted with the mate- 
rials they have to work with and the techniques of 
their particular branches. The idea has been to leave 
the mathematical problem to the mathematician but 
acquaint him with the conditions under which he is 
to find a solution which would be useful to the 
teehnieist. In India, generally a different method 
lias been followed. The trained teehnieist has to 
learn mathematical processes and acquire some 
mathematical skill so as to be able to solve the 
mathematical problems he has to face. But the 
mathematical techniques of the present day are varied 
and complicated and can be learnt only through long 
study and application. This generally makes the 
office of the mathematician in technical development 
a real necessity. In any plan of national develop- 
ment the technical expert, wherever he lias to face a 
serious mathematical problem is to be aided by a 
specially trained mathematician. In this connection 
it will be interesting to quote a passage from the 
address given by Compton before a meeting of the 
Roj r al Society of London describing the organisation 
of tiie different Departments for an all out war effort 
in V.S.A. during the recent World War. Regarding 
the part played by Mathematics he reports thus* : 
"In addition to the nineteen of N.D.R.C. there are 
two j lands concerned respectively with Applied 
Mathematics and Engineering. The difference 
between a division and a panel is suggested by the 
fact that the Fire Control Division for example is 
concerned with development of fire control instru- 
ments, whereas, the Applied Mathematics panel is 
not concerned with the development of Applied 
Mathematics as such but rather with the use of 
mathematics to aid in accomplishing the objects of 
various divisions. For this reason th<r Applied 
Mathematics panel includes membership on each 
divisional committee in which Applied Mathematics 
is likely to be important.” The part which mathe- 
matics can play in a scheme’ for the development of 
a country has been very clearly set forth here. If 
a large number of divisions require mathematics for 
their progress in work the best effect is obtained by 
leaving the mathematical problems to professional 
mathematicians in every section of work rather than 
by demanding from experts in other branches of 
science an acquaintance with the complicated mathe- 
matical techniques of our day. ^ 

The training of such mathematical experts is a 
very important thing which should not be neglected. 
The Universities and the Technological Institutes 
should develop Departments or sections of mathe- 
matics with special emphasis on those branches which 
have reference to a general scheme of National 

* Compton, K. T., Proceedings of the Royal Society ot 
London , A, 182, 1 (1943). ’ 
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Planning. These sections may start with graduates, 
preferably Honours graduates in mathematics, and 
impart to them regular courses of instruction in 
General mechanics. Theory of elasticity, Hydro- 
mechanics, Electricity, Numerical Analysis, Pro- 
bability and Statistical Calculations, ( )rdinary and 
partial differential equations, and generally mathe- 
matical techniques applicable to mathematical physics 
and technology. Special emphasis should also be 
laid in cases of selected groups of students on the 
mathematical problems of Engineering, Aeronautics, 
Advanced elasticity and plasticity, Geophysics, Dyna- 
mical meteorology, Thermodynamics and on different 
branches of mathematical physics such as Quantum 
mechanics, Statistical mechanics, Theory of Rela- 
tivity and similar subjects. The primary object of 
the general course should be to supply a basic train- 
ing in Applied mathematics which should include 
practical work in mathematical laboratory and 
handling of machines and instruments of general 
use. Many amongst us have experience of work in 
a calculating laboratory which we set up in this 
Department about twelve years ago. But a bigger 
scheme with much extended scope of work is now 
necessary to have our system geared up to a new 
National Plan providing for large technological 
developments. Some of us at least know’ very well 
that technological and also physical problems lead in 
their turn to mathematical problems which are very 
often intractable by the standard methods of solution 
at our disposal. They have to be treated by numeri- 
cal methods in Calculating Laboratories. SoH^e of the 
students of this Institute trained in Numerical mathe- 
matics were utilised in this manner by the Ordnance 
Department during the last war. Latest development 
iti this respect arc the very high speed calculating 
machines which may conic to be of use in this country 
also. Graduate trained according to the above 
scheme may be called upon to do mathematical work 
involving skilled practice or purely research work on 
technical problems. Instruction in Applied Mathe- 
matics on these lines is imparted at present in several 
Universities in England and America and was also 
a special feature of many German Universities after 
the first Great War. 

I must also refer to the organisation of 
Scientific and Technological training and of 
Research in India the schemes for which are 
being proposed or are partially on the way of opera- 
tion. This is also connected with the question of 
our prospects in this country as mathematical 
graduates. The consideration which Applied Mathe- 
matics is receiving in progressive countries will be 
clear from the following extracts taken from a recent 
article on “A Federal Program in Applied Mathe- 
matics” in U. S. A. ( Science Vol. 107, March 12, 
1948) by J. II. Curtiss. 


“The growing importance of mathematics, parti- 
cularly applied mathematics, is one of the most signi- 
ficant trends in science today. This trend is part of 
a broader and necessary development in the physical 
sciences. Thus, the Steelman Report (1) notes that 
the national research and development budget for the 
fiscal year 1947 in the physical and biological sciences 
alone was approximately $1,200,000,000, excluding 
expenditures for atomic energy. The Federal 
Government’s share of this total was $625,000,000 of 
which $200,000,000 was spent in government labora- 
tories. Even larger allocations for research and deve- 
lopment are recommended for the future. 

“Because of the growing mathematical com- 
plexity of current problems in the physical sciences, 
the national research and development program 
carries with it substantial requirements for research 
and services in applied mathematics and related 
numerical techniques. This is particularly true in 
the case of the Government’s part of the program, 
for at present a large fraction of it is concerned with 
the problems of national security, many of which are 
highly mathematical. Considerations of economy in 
Federal expenditures, on which so much emphasis is 
now properly being placed,, add impetus to the full 
exploitation of the mathematical approach. Mathe- 
matical analysis prior to expensive laboratory experi- 
mentation or the construction of elaborate models is 
economical, both in actual costs and in the utilization 
of scientists* 4 ”. 

“The National Applied Mathematics Laboratories 
of the National Bureau of Standards have been re- 
cently established with the aim of strengthening the 
national applied mathematics effort. A particular 
concern of the new organization consists in promot- 
ing the rapid development of automatic computing 
machines and in taking steps to insure their most 
effective use when they become generally available.” 

“It seems apparent that there is a definite need 
for a central mathematical laboratory in the Federal 
scientific program. The organization should carry 
on a rather specialized set of activities chosen with 
the view of supplementing and supporting the exist- 
ing research work in applied mathematics. The 
activities of the center could profitably include con- 
sulting services at the level of the applications and 
the production of aids for such consulting services 
(such as technical manuals), computing services and 
the production of aids to computations (such as 
mathematical tables), and a coordinated program of 
automatic computing machine development and re- 
search in associated branches of mathematics. 

This need was the basis for the establishment of 
the National Applied Mathematics Laboratories as a 
division of the National Bureau of Standards.” 

* The work of the Mathematical flection of the Punjab 
Irrigation Department wilt bear testimony to this ytf.R.S.) 
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The need for a thorough training in Applied 
Mathematics has been felt only recently in Great 
Britain. Referring to this A. Erdelyi and John Todd 
write in Natute (Nov. 16, 1946, p. 690). 

“The truth is that in recent decades there has 
grown up a new type of research worker — I)r N. W. 
McEachlan has called him the mathematical techno- 
logist — and so far British Universities have not pro- 
vided very much for him. An urgent need thus arises 
for an institution where students are instructed in 
advanced mathematical techniques not usually in- 
cluded in university curricula, yet needed in mathe- 
matical technology (and mathematical biology or 
economics for that mattei) and where they are intro- 
duced to research. The need for such an institution, 
which we may call an Institute for Practical Mathe- 
matics, was pointed out in a recent article which, 
evaluating the war-time experience of the Admiralty 
Computing Service, came to the conclusion that such 
an institution is necessary both to teach potential 
customers of the industrial mathematician to state 
their problems in a suitable way, and also to ensure 
that the mathematician will be able to tackle these 
problems in a practical manner. ** 

“Among the principal functions of the suggested 
Institute for Practical Mathematics we may mention 
short courses for engineers and others ; advanced 
courses for mathematicians ; reseat eh ; and the pre- 
paration of monographs. 

“Engineers, biologists, economists, and other 
potential customers of the practical mathematician 
should be given instruction in routine techniques. In 
addition, they ought to attend courses of a broader 
character in which they would get a general idea of 
methods of modern practical mathematics without 
learning any details, see what types of problems are 
accessible to mathematical treatment, and learn to 
formulate their problems in a suitable way. 
Engineers lacking such training have been known 
to give up a problem as a bad job because it did not 
seem to be amenable to the mathematical methods 
with which they were familiar : yet, had they only 
known it, there was an efficient method of dealing 
with the problem, a method though, which requires 
a specialist and is outside the reach of a general 
practitioner of applied mathematics. Still worse, in 
some cases the engineer ‘over-simplifies* his problem 
in order to make it accessible to what he considers 
the appropriate technique and thereby makes the work 
more cumbersome, if more elementary, and the re- 
sult of less practical value. The purpose of the 
mathematical training of an engineer (and on a higher 
level that of a practical mathematician) should not 
be to provide Jnm with the detailed working know- 
ledge of as much of mathematical technique as 
possible within a given limit of time ; the aim should 


be to give him a detailed working knowledge of the 
most frequently used routine techniques, together 
with a comprehensive survey of what a mathemati- 
cian can do for him, and also to teach him how to 
collaborate with the mathematician when occasion 
demands it.*’ 

In India Statistics is the only blanch of Applied 
Mathematics which has received some recognition 
from Industry and the vState. It is to be regretted 
that even the Scientific Establishments in India have 
yet taken no notice of the possibilities of aid which 
Applied Mathematics can render them. There are 
several Research Institutes of repute in India in 
which aid of trained mathematicians is likely to be 
useful. Among them only the Tata Institute of 
Fundamental Research has actively associated 
mathematicians in the program of its work. It is 
surprising to find that even an I engineering Institute 
of India instead of strengthening its mathematical 
section for a more thorough training of its students 
(1 mean oi future engineers who are to design for 
themselves) in mathematics has come to consider its 
department of mathematics unimportant for Engineer- 
ing and allowed it to shrink. The All India 
Institute of Technology which is to be established at 
Hijli has recently advertised for its staff. There 
appears to be no provision for a Department of 
Mathematics in it now. Yet it is supposed to be an 
M.I.T. scheme. The Indian Union expects that her 
future engineers should be able to design everything 
which the Union would need and not in any way 
depend on blue prints from other countries. Would 
this be possible if we ignore the newer developments 
which are taking place in the advanced countries at 
the present day ? The Indian mathematicians insist 
that their business is not merely with chalk and board 
in lecture rooms as some people used to think before; 
in addition to cultural it lias a productive side also 
which has got to be recognised. I myself have the 
knowledge of how a proposal for the extension of a 
Mathematical Laboratory of an Indian University was 
received very unfavourably and even objected to 
about two years ago by an Indian administrator who 
came to examine the University proposals on behalf 
of the Government, on the ground that while he 
studied mathematics at Cambridge (more than 
twenty five years ago !) he had seen no mathematical 
laboratory there. These are really discouraging 
thoughts for the mathematical graduates of this 
country. In a recent report* on the careers for 
graduates in mathematics in Britain occur these lines : 

1 ‘Mathematicians entering the Executive class of the 
Civil service may obtain appointments not only under 
the Post Office but in Inland Revenue, and more 
rarely as cartographers. But Cartography leads us 


* Mathematical Gazette (London), 31, 294, 1947.* 
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to Survey, Survey to Meteorology and so to the uhole 

gamut of posts for scientific officers The 

National Physical Laboratory at Tedding ton has set 
up a .Mathematical Section which is concerned with 
Statistics and with the application of different 
techniques of numerical and mechanical methods of 
attack to the problems raised by other sections. It 
exhibits a keen interest in the development of these 
techniques and an appreciation of the vivifying effect 
on routine work of research into the more abstract 


problems raised”. The Indian National Laboratories 
have yet not called in the aid of mathematics by 
opening such sections. It would certainly be impru- 
dent if not suicidal if the experiences of other coun- 
tries in this line be left unheeded in any scheme of 
social development of our country. We may again 
ask the question of the days of our boyhood. Will 
the elephants be made only to line up for procession? 
Or will the strength in them be utilised to give us 
Power and Work ? 


INDIA’S NEED FOR INTERNAL COMBUSTION POWER 

P. SRINIVASAN. 

DEPARTMENT OF INTERNAL COMBUSTION ENOINEKRINO, 

INDIAN INSTITUTE OK SCIENCE, BANC.AI.ORE 


rjlHE problem before the country is how to increase 

the per capita income and raise the standard of 
living of the common man. 

The 20th century Fund gives the answer to this 
vexed question. 1 As a result of a survey it points 
out that the national income of U.S.A. has increased 
27-fold within a period of less than 100 years, while 
the use of energy has also increased at the same rate, 
U. S. A. now using 300 times more energy from 
fuels and falling waters than it did in 1850. It has 
brought to light the interesting fact, that the energy 
expended to produce 1 dollar of national income has 
remained stationary at 2 to 3 H.P. hours without 
showing any signs to go up or down. This proves 
that the surplus energy saved owing to the enormous 
improvement in machinery and manufacturing pro- 
cesses, has gone on providing more and more ameni- 
ties, and thus raising the standard of living of ordinary 
men and women. 

Both the objectives that India has set out to 
achieve to-day have been achieved to a remarkable 
degree jn U.S.A. by the extended use of energy. The 
output of energy per capita ner annum or “Energy 
Index” as Prof. Meghnad Saha calls it is 3000 units 
for an average American whereas it cannot be more 
than 90 units for an average Indian. 2 The income 
of an American is 20 times more than the income of 
an Indian because 20 times more power are placed 
in his hands. Thus we see the annual income, and 
standard of living are directly geared to the energy 
index. 

It has been pointed out that nearly a large per- 
centage of the annual energy or horse power output 
of America is from Internal Combustion Engines. 
With world’s demand for petroleum at the rate of 


about 1 million tons per day America nearly con- 
sumes 70 per cent of oil. Modern civilization is so 
much indebted to internal combustion engine that 
it can be conveniently taken as a standard to measure 
the industrial progress of any country. Judged by 
this standard India is far below even countries like 
Canada and Australia which took to manufacture 
internal combustion engines as a War measure. 

The most outstanding achievement of Internal 
Combustion Engine research in recent years as 
Ricardo points out is the development of the “High 
speed Diesel Engine — a power unit using relatively 
high boiling fuels such as cannot be vapourized out- 
side the cylinder.” The low fuel cost and the high 
thermal efficiency combined with compactness and 
safety have made the use of Diesel units universal. 
They have an important role in the power develop- 
ment of the country in general and rehabilitation of 
agriculture and .small scale industry in particular. 

Nearly 10 per cent of the total installed generat- 
ing capacity of public utilities in India is Diesel 
power.* The installed capacity of Diesel Stations 
in 1930 was only 10,000 k.w. whereas in 1943 it was 
119,262 k.w. showing nearly a 12-fold increase. The 
consumption of Diesel and other fuel oils has shown 
a sharp increase. Of the total imports under oils 
valued at 80 crores in 1945 showing a rise of 44 erores 
over the previous year’s figures the Diesel and other 
fuel oils accounted for nearly 20 per cent. 

The following table gives a rough idea of the 
number of oil and gas engines and their component 
parts, and the amount of diesel and other fuel oils 


* In addition there are large number of private power 
plants catering to various small scale industries spe'ead all 
over the country, an estimate of which is difficult to make. 
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together with the value, imported into India during 
the last three years. 


TABLE I 


(Compiled from various sources but mainly from reports of 
the 'India's Sea Horne Trade issued bv the Department of 
Statistics and Commercial Intelligence Government of India) 



1 

Number of 

Value (in 

Year 

Engines 

millions 


Imported 

of rupees) 

1944 

438 

2-54 

1945 

758 

4-29 

1946 

2887 

| 14-13 

1 


i 


I Diesel and other 
| fuel oils iniport- 
I ed (in million 
gallons) 


252-98 

380-04 

246-66 


I 

| Value (m 
| millions 
I of rupees) 


64-42 

106-80 

87-06 


From the table we see that the imports of engines 
and fuels have shown a steady increase and India is 
spending; nearly Rs. 10 erores on this account. This 
shows that Diesel power generation has come to 
stay and has a very important role in the industrial 
set up of the country. 

The power development in India has been so 
far devoted to satisfying the power needs of big 
industries in cities. Over 42 per cent of the electri- 
cal power generated in India is at present utilized 
in the cities of Bombay and Calcutta. If Cawnpore 
and Ahuiedabad be added to the above, we find that 
over 50 per cent of the output of the Indian Electrical 
Industry is absorbed in these four cities which con- 
tain less than 15 per cent of population, on the 
other hand out of 7 lakhs of villages only 1200 
villages have electric service of any sort. * 

India is essentially an agricultural country with 
80 per cent of its population living in villages. It 
is to the succour of these villages we have to turn 
our attention. India’s wealth is in a overwhelm- 
ing degree in her agriculture and the whole struc- 
ture of her economy rests with her cultivators. What 
is needed is to increase in desirable directions the 
number of villagers’ wants, and to show them how 
to satisfy these by their own efforts and thus increase 
the purchasing power and the wealth of the country 
in general. 


Agriculture is of all the industries the one that 
use in the aggregate the most power, more in fact 
than all other industries put together. 3 Now power 
is supplied mostly by men and animals. We have to 
relieve man from the back-breaking toil, and reduce 
the pressure of the animal on the soil by substituting 
power in its stead. In 1920 every agricultural 
worker in U. S. A. had an acreage of 35 acres 
against 18 in 1870. While the power used in agri- 
culture has increased from 175 H.P. to 4 H.P. i.e. f 
acreage per man has increased in the same ratio as 
power employed. More interesting from our point 


of view is the increased yield, the American Farms 
give, which is nearly 3 times as much as from an 
Indian Farm. 

In any scheme for increasing Agricultural Pro- 
duction improvement in yield appears to have greater 
possibilities than extending the area under culti- 
vation. 4 Of the total area of 209 million acres under 
cultivation in 1938-39 only 54 million acres were 
irrigated. Under various irrigation projects con- 
templated it is possible to bring under cultivation 
another 48 million acres thus leaving nearly 100 
million acres of land without any sort of irrigation. 
It is here that power irrigation comes into scene. 
Assuming that 25 per cent of the land is in the 
proximity to rich coal fields or within an economic 
distance of high tension lines from nearby Hydro- 
electric Stations, we will have to provide power for 
nearly 75 million acres. 

In Europe and in the United States long estab- 
lished electrically run Farms use on an average upto 
22 k.w. hours per acre per annum which is classified 
under the following heads, in table II. 

TABLE II > 

(Table from Mears and Neale, Electrical Engineering. 

Practice, Vol. Ill, Art, 858, Table 182.) 



| Units 

k.w. hours 

Units 

k.w. hours 


| per annum 

per acre 


per annum 

Lighting house 

! 100 

0-67 

Lighting Buildings 

150 

100 

Motive power barn and dairy 

j 1500 

10-00 

Heating and Cooking 

! 1500 i 

1000 

Total 

1 

3250 

21-70 


Nearly 50 pur cent of the power we propose to 
supply to the farm will be utilized for motive purposes 
thgjt is to say power irrigation or pumping. The 
22 k.w. hours per acre includes power used for 
heating, cooking and domestic purposes. Since such 
a luxury load does not exist in India the surplus 
energy can be utilized for the development of Cottage 
Industries. For 75 million acres at the above rate we 
require 1650 million units of power. This power has 
to be supplied from Diesel Stations. Table No. Ill 
throws an interesting light on the amount of energy 
consumed on the total source energy derived from 
various application on an American farm. 

From the table it is seen that the mechanical 
power supplied is nearly 40 per cent of the total 
power consumed in agriculture. Pumping accounts 
for 10*2 per cent of the total H.P. hours consumed 
against 22 per cent supplied by internal conbustion 
engines (both stationary and petrol tractors). Thus 
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TAIiEE III 

(Based on the United States — -Department of Agriculture). 

Table from Means and Neale, Electrical Engineering. Practice, Vol. Ill, Art. 858, Table 181. 


Haulage work on land 


Haulage 

Stationary 


Approx. % of total H.P. hr. consumed 


Ploughing 
Pitting the ground 
Planting and seeding 
Cultivating 
Harvesting 
Haying 
Miscellaneous 

Farm Haulage 
Road Haulage 


15*8% 

6*3% 

25 % 

6-3% 

5-1% 

e-4% 

5 - 7 % 

75 % 

M*9% 


48-1% 

225% 


Approx. % of II.P. hr. from various sources 


Animals 
Stationary Engines 
Petrol Tractors 
Steam Tractors 
Electricity 
Trucks 
Windmills 


61-3% 

12*3% 

9*7% 

5-4% 

35% 

P3% 

10000 


! Thrashitig . . 

... 7-6% 

. . _ 

Pumping 

... 10-2%* 


Miscellaneous 

... 11-6% 



29-4% 


i 

100 



* Figure is ours. 


power irrigation consumes nearly 50 per cent of the 
internal combustion power supplied which is the 
basis we have adopted for our estimate. 

In Table IV is given the total installed and 
generated capacities of public utility Diesel Stations 
in India from which we have derived the number of 
hours, of continuous demand in a year. 

TABLE IV 

(Figures taken from II . M. Matthew — National Planning and 
Electrical Development in India — Journal of the Institute 
of Engineers, India). 


Total installed capacity in k.w. ... ... 119,262 

Total generated capacity in million k.w. hours ... 1533 

Number in hours in use per annum ... 1,250 


Assuming the same plant use, plant capacity 
and load factor we find that to supply 1650 million 
k.w. hours we require an installed capacity of 
1650/1250 i.e T33 million k.w, which is slightly 
more than the present total installed capacity of 
power in India. 

The National Planning Committee recommends 
that if the material conditions of India was to 
improve substantially within the next 10 years the 
production of power should be raised by 40,000 
million units above the present figure i.e., a 
tenfold increase over the present capacity of India. 
Assuming that Diesel power also increases in the 
same ratio according to the National Planning 


Committe we require 16863 million k.w. hours as 
shown below. 

s 

The present annual capacity ... 1533 million k.w. hours 

Recommended increase ... 1533*0 million k.w. hours 

Total Power ... 1686-3 million k.w. hours 


Our estimate based on the electricity per acre 
agrees with that recommended by the National Plan- 
ning Committee if we assume that, increase in various 
types of energy takes place in the same ratio as it 
exists at present. 

The areas which are not in the immediate proxi- 
mity of high voltage lines are to be invariably sup- 
plied by diesel engine generators. India being a 
country of long distances, the difficulties of trans- 
mission to areas which are scattered in fragments is 
further accentuated by the comparative load to be 
expected and even these seasonal and nonexistent 
for long periods. It will take a long time before 
supply from rural lines connected with the grid will 
be generally available everywhere. Such a system 
is said to have failed in Britain owing to the costly 
transmission and maintenance of energy which usual- 
ly amounts to 40 per cent of the cost of total power 
generated. Just as it may often pay a man to “sink 
his own well rather than pay for miles of mains” 
it may pay him to set up his own generating set or 
a set on a co-operative basis. The Bombay Electric 
Grid has evolved a scheme to supply power to the 
farmer for watering fields from tube wells sunk in 
or near the farm on the above lines. Jt consftts of 
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a large Central Station generating electricity by 
Diesel engines and transmitting the same to drive 
pumps creeled on these wells to irrigate the fields on 
a mass production basis. 

The “Gas and Oil” in an Editorial commented 
as follows. “Plans have been lodged with the Elec- 
tricity Commissioner for further extension of distri- 
bution particularly in rural areas. (This last deve- 
lopment we would add offer excellent scope for the 
adoption of judiciously placed Diesel Engined 
Stations). All this can be achieved .... with fat 
greater rapidity and immediate satisfaction of con- 
sumers if large and small oil engine plants are in- 
stalled in numbers. ,,H To develop an economic load 
and make the people electrical minded in an un- 
electrified area we have to build small power stations 
in the first instance of 50 to 500 k.w. capacity with 
a transmission line running a length of not more 
than 10 miles. If supplies are required at a greater 
distance then an additional plant of the same capa- 
city should he installed with its own transmission 
line. This can be conveniently done by Diesel power 


scheme would work out roughly to 100 crores. 10 * 
Thus a great future lies for diesel engine manufac- 
turer in India. 

We have all the facilities such as suitable raw 
materials like iron and steel, non-ferrous metals, 
and cheap skilled labour for the manufacture of 
Diesel engines. About half a century ago the Western 
countries and about a decade ago Australia were in 
the same predicament as India is to-day in regard 
to internal combustion engines. Australia under- 
took seriously the manufacture of Diesel engines' 
seven years ago as a War measure and the progress 
is continued to this day by entering into contract 
with Ruston Hornsby Lincoln covering the Austra- 
lian manufacture of their models and by an exten- 
sive system of subcontracting around the main co- 
ordinating and assembly factories she is soon to 
produce engines of 2500 II. P, 

•The internal combustion engine has been deve- 
loped to the present state of efficiency mainly by hit 
and miss methods and the manufacturers are with- 
holding a lot of technical information as closely 


table 0 v 

PKOn.MU.lv WJvRAOlv DEMANDS AND lvSTlM \TlvD COSTS OK DlKSIvl. POWER HOUSES FOR DIFFERENT SIZES OF ToWNS 

(Table from R. L. Vnidya’s “Post War Electric Power”, Volume 24, No. 2, Journal oj the Institute of 

Engineers {India). 


Installed Capacity and estimated cost of complete power house 


Present popula- 
tion of uiieltv- 
trified towns 

Probable average Power demand 
in k.w. 

" 

Cap. for 1st & 2nd stages 
of demand 


1st stage 

2nd stage 

3rd stage 

1st stage 

2nd stage 

5000 -10000 

50 

100 

200 

2-50 k.w. 

48000 

10000 — 25000 

100 

200 

300 

2- 100 k.w. 

71000 

25000-50000 

200 

300 

500 

2- 200 k.w. 

121000 

50000-100000 

300 

i 

500 

1000 

2 300 k.w. 

!_ 

142000 


Capacity for 2nd & 3rd stages of 
demand 


2nd 3rd 


2 50 k.w. set 

1 100 k.w. set 

2 100 k.w. set 

1 — 200 k.w. set 

2— 200 k.w. set 

1— 300 k.w. set 

2— 300 k.w. set 
1—500 k.w. set 


Us, 72,000 
Rs. 1,20,000 
Rs. 1,84,000 


Ks. 2,19,000 


units which can be moved from one place to another 
and changed from one size to another as the load 
develops. 

The size of an engine in a particular place 
depends entirely on the conditions of load at the 
place. But engines in units of 50 to 1000 k.w. are 
very economical. Table V gives an idea of the size 
of the units required for various stages of develop- 
ments contemplated with their approximate costs. 

From the table we see that India needs about 
10000 to 15000 Diesel sets in units of 50, 100, 200, 
300, 500, and 1000 k.w. capacity to meet the estimated 
demand of 1'3 million k.w. The cost of ^uch a 


* The number of Diesel units required iti various capa- 
cities and a cost of the scheme lias been worked out appro- 
ximately as follows : 

There are about 3017 towns in India within a population 
range of 5000-10000 out of which only 188 towns are elec- 
trified and the rest 2829 are ‘94% utielectrified. To deve- 
lop electricity in these areas for the first and second stage 
we require 2 units of 50 kw. per town, i.e., we require 5658 
units of 50 kw. capacity. For .the second and third stage 
we require, 2 units of 50 kw.-fl of 100 kw. per town, i.e., 
we require in addition 2829 units of 100 kw. capacity. 
Therefore for both the stages we require 5658 units of 50 
kw. and 2829 units of 100 kw. In this wav we can work 
out the number of units required for different population 
ranges given m the table. The cost for the first stage 
works out as 136 millions and for second and third stage 
68 millions. In this w r ay the cost of the scheme has been 
computed approximately. 
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guarded trade secrets. If we have to build up the 
industry within a reasonable time we must mobilize 
the research of various workers now engaged on the 
production of components to produce complete sets 
of engines in certain suitable localities. Foreign 
expert help may be sought in design matters for 
sometime. As the Committee on I. C. Engines 
appointed by the Government of India remark “It 
must not be forgotten that the development of the 
I. C. Engine industry depends on the hard work of 
a group of people and not on the flash of genius, 
on the part of a single individual engaged in the 
industry.” 11 

To meet the demands of the Diesel power 
stations a new fuel industry will have to be built up. 
Our fuel requirements will be of the order of million 
tons per annum which at the pre-war price amounts 
to about 70 million rupees. The Board of Scientific 
and Industrial Research has succeeded to a hftge 
measure in its experiments to use vegetable oils as 
a Diesel fuel and as a lubricant, but the high cost 
has stood in the way of their universal usage. There 
are various alternative fuels in a tropical country 
like India which will become fruitful sources of sup- 
ply if concerted research is directed towards them. 

It has been accepted that agriculture is the least 
paying of all industries and agricultural income has 
to be supplemented by income from small scale indus- 
tries pursued side by side. With the power available 
the farm manufacture of agricultural implements 
and tools taken up ; the development of processing 
of agricultural products and dairy industries will 
also receive impetus. Small scale industries like 
oil and cane crushing, ginning, flour milling, decar ti- 
cating, vegetable and fruit gardening, tobacco curing, 
and a variety of new industries can be developed to 
feed the consumers’ wants. In addition lighting and 
rural water supplies, community radio sets, co-opera- 
tive cold storage may be established thus increasing 
the prosperity of the villages. 

With power developed bv locally manufactured 
prime movers operating on fuels which are abun- 
dantly available in all parts of the country we can 
rejuvenate agriculture and foster small-scale indus- 
tries and thus make village a self sufficient unit. 
Diesel power will dispel gloom from our villages, 


illuminate millions of minds with new ideas and iiew 
hopes, and will take the country forward to higher 
standards of living and higher income levels. 

Summary 

To increase the standard of living we have to 
place more power in the hands of our agricultural 
and industrial workers. The Diesel engine as a 
.power unit has found universal popularity, and can 
be used conveniently to . develop our unelectrified 
areas. It will supply power to irrigate lands and 
thus increase food production and side by side foster 
the growth of small scale industries. Wc requite 
about 10000 to 15000 Diesel sets in various units to 
accomplish a programme of supplying power to 75 
million acres of unirrigated land. We have every 
facility to manufacture Diesel engined in India am] 
are only 10 years behind Australia which is manu- 
facturing engines upto sizes of 2500 H.P. To feed 
the Diesel engine power plant a tiew fuel industry 
will have to be built up. India being a tropical 
country it is blessed with abundant oil seeds to com- 
pensate for the lack of mineral oils. With the power 
developed by Diesel engines the villages can be made 
into self sufficient units to a great extent. There is 
a great need for coordinating research of various 
producing component parts. 
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MAGNESIUM— THE ULTRA MODERN METAL* 

P. N. GANDIIY 


JNDUSTRY, so long' dominated by steel, is gra- 
dually realizing the advantages of light weight as 
a means of increasing efficiency in movement, whether 
in handling, transport, or workshop operations. 
Magnesium when substituted for iron and steel saves 
75 per cent dead weight. The two light metals, 
aluminium and magnesium, in collaboration are prov- 
ing how far engineering design can be carried 
without recourse to heavy metals. The development 
of magnesium alloys in Germany, Britain, and United 
vStates began only some 25 years ago, but intense 
research has resulted in remarkable progress, further 
stimulated by World War II. 

Sources of Magnesium 

Although the metal magnesium, in its different 
compounds, is widely distributed throughout the 
earth’s crust, the raw materials of commercial impor- 
tance arc three vis. magnesite, dolomite and Carnal- 
lite. Magnesite, the carbonate of magnesium, is the 
most important source of metal, and has the advan- 
tage that pure magnesia (magnesium oxide) can be 
prepared from it by a “dry” process with the mini- 
mum chemical treatment. Dolomite has all the advan- 
tages of magnesite except for the necessity of separat- 
ing the lime. Isolation of magnesium from sea or 
salt water has been practised for the past 25 years 
Magnesium occurs as chloride dissolved iti sea-water 
together with salts of sodium, potassium, and bromine. 
About 770 lbs. of brine produce 1 lb. of metal. 

KxTRACTrON OF MAGNESIUM 

Now a days the production of magnesium on an 
industrial scale is based almost exclusively on the 
electrolytic process, which consists in the electrolysis 
of fused magnesium salts, particularly magnesium 
chloride. This process bears some resemblance to 
the electrolytic extraction of aluminium from alumina, 
""but the cell design is a little different. The electrodes 
are arranged vertically and opposite to each other in 
the cell, the cathode consisting* of iron and the anode 
of carbon or graphite. The electrolyte consists of a 
salt mixture of suitable conducticity, viscosity, and 
specific gravity. Power consumption of 9 K.W.TI. 
per pound of magnesium is necessary in present 
practice. 

A new thermal method using dolomite and ferro- 
silicon has been developed lately in Canada. A 

%Summary qf lecture delivered to the Scientia, 
Jamshedpur. 
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mixture of the two, in the form of briquettes, is 
charged into tubular steel retorts, which are then 
closed and evacuated. On heating in a furnace, 
magnesium in the form of vapour is liberated and # 
condensed in a removable sleeve titled to the throat of 
the retort: 2(MgO, CaO-fSi- 2 Mg-t 2 CaO, SKk. 

Alloying 

The tensile strength of pure cast magnesium is 
only 7 tons per sq. inch, while in the extruded condi- 
tion it is about 13 tons per sq. inch. But if suitable • 
alloying elements are added these values can he 
trebled for cast and doubled for wrought alloys. Alu- 
minium is the metal most commonly added to 
increase the strength of industrial alloys. Zinc is 
also used in many alloys, and manganese is useful 
for increasing resistance to corrosion. In standard 
casting alloys, aluminium is added from 6 to 11 per 
cent, zinc from 0 to 3' 5 per cent, and manganese from 
0*5 to 2'5 per cent. Alloys with cadmium, calcium, 
cerium, nickel, etc. are in course of development and 
wood help to open up new fields of applications of 
magnesium alloys. 

Melting and CAvSTing 

Magnesium alloy melting requires a specialized 
technique. This is made necessary by {a) the extreme- 
ly low density of tne alloys, (b) the strong affinity 
for oxygen causing “burning” and necessitating use 
of suitable fluxes, (c) the explosive reaction of molten 
alloy with water, necessitating use of inhibitors in 
moulding sand. Mostly steel crucible furnaces are 
used for m?lting, tired by gas or oil. The successful 
handling of magnesium depends upon the proper use 
of fluxes which have magnesium chloride base. 
Grain-reiining by super-heating is another pheno- 
menon peculiar to magnesium melting. Moisture in 
moulding sand must be kept to a minimum and oven 
this minimum must be prevented from reacting. To 
this end, chemicals such as sulphur, boric acid, or 
ammonium hydrogen fluoride are mixed with the 
sand which must be of an “open” nature. Die cast- 
ing is also applicable. 

Hot Working 

Magnesium and its alloys may be extruded, press- 
forged, and rolled if the temperature is kept high 
enough and the rate of working is slow. The best 
working range of temperature is between 260° and 
360°C. extrusion the relatively coarse-grained 
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cast structure of the billet is changed into a line* 
grained fibrous structure and both the tensile strength 
and elongation values are thereby improved. Magne- 
sium alloys are extensively rolled into sheets and 
strips in mills essentially similar to those used ior 
steel rolling. Commonly, the initial material used 
in rolling is extruded slabs, but east slabs are also 
employed. The hexagonal crystal structure of magne- 
sium does not permit cold rolling to any great extent 
'but by frequent process annealing, some cold work- 
ing is not impossible. 

Corrosion 

There is perhaps, more misunderstanding about 
the corrosion stability of magnesium than any other 
property. It can be agreed that magnesium is chemi- 
cally active but its position at the active end of the 
electro-chemical series has unduly prejudiced the 
minds of engineers. In the average rural and indus- 
trial atmosphere, magnesium is very stable. How- 
ever, contact with other metals, either external or 
internally as impurities, gives rise to serious trouble. 
But modern high-purity magnesium and alloys show 
only surface attack after 6 years in 3 per cent NaCl 
solution. Effective means have been developed for 


treating the surface of magnesium alloys by which 
atmospheric and particularly marine conditions can 
be withstood. 

USKS 

In the years prior to 1939, magnesium alloys 
were fairly extensively used in the construction of 
aircraft and aero-engine, for such parts as crank- 
cases, landing wheels, cowlings, and airframe parts. 
The maximum possible use of magnesium ultra-light 
alloys in aircraft is now the general policy in Europe 
and America. Applications in the heavy vehicle in- 
dustry have been expanding. Other successful appli- 
cations have been for binoculars, book covers, 
scientific instruments, drills, road rammers, and in 
reciprocating and rotating machines such as com- 
pressors, pumps, textile machines, etc. World 
War 1 1 has brought about important changes in the 
production position and plenty of magnesium is now 
available. It is obvious that there is a very great 
field for increased magnesium alloy applications based 
on the wider and more imaginative use of the existing 
alloys. It is hoped that India will soon be developing 
her own magnesium industry for which she possesses 
the necessary raw materials, 
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ATOMIC RESEARCH IN RUSSIA 

• 

Information has ^een derived from Spanish 
sources, including the journal ION (February 1948) 
and in particular Refael Miralles, author of ‘ Kspanoks 
on Rusiak The most significant statement is that as 
long ago as 1944, 51,404 million roubles (more than 
/1000 million) had been allocated for atomic research 
in the U.S.S.R. Under the direction of Prof. V. L. 
Komarov, President of the Academy of Sciences in 
Moscow, work done so far is reported to have included 
extensive exploration of mineral resources in Siberia, 
the Urals and the Kazakh Republic (Kazakhskaya 
U.S.S.R.) where it is understood that large deposits 
of uranium are to be or have been found. 

In 1943, a special Ministry, shrouded in some 
secrecy, was set up to study new weapons and 
methods in modern warfare, including the atom 
bomb. It was called the People's Commissariat for 
Projectile Armament (Armamento Mortero). The 


new organisation rapidly expanded and at the begin- 
ning of 1945 it had under its control 39 factories and 
research centres. Atomic research was in the hands 
of a separate department and a large research 
centre was established in Arctic Russia, in a closely 
guarded enclosure at Ukhta, contiguous to deposits 
of radio-active minerals such as uranium and radium. 
The director of this establishment was N. A. Volkov; 
and work commenced in 1944. The staff included the 
most eminent Russian Physicists, such as Profs. 
Kapitza, Scmenchenko, Tamm, Alikhanov, and 
others. 

The Spanish writer says that progress for a time 
was unsatisfactory owing to the incapacity of Red 
bureaucrats and the niggardly financial allocations, 
which were bitterly criticized by Kapitza himself. 
After the war Stalin is said to have taken a personal 
interest in atomic research and the name of the pro- 
jectile Commissariat was changed to Ministry of bons- 
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traction of Machinery and Instruments and divided 
into two sections. Some equipment was obtained 
from abroad, c.g., from Sweden and Switzerland, and 
an intelligence department organized to get in forma- 
tion from other countries. Arrangements were made 
for imports of uranium ore from Czechoslovakia, and 
two huge factories for instrument construction wcie 
erected in Yoskar Ola and Uraltnashzavod, near 
Sverdlovsk in the Urals. The supply of essential 
chemicals required in atomic research is the respon- 
sibility of the Ministry of Chemical Industry. Prof. 
Vacilov is now the President of the Academy and 
Kapitza remains the real head of the elaborate series 
of research stations and factories which have now 
been established for atomic and related research. The 
new Five-Year Plan, beginning in 1946, has provided 
that new centres of key industries are to be v\ oil dis- 
persed, mostly towards the east and remote from 
dense centres of population. 

The information manifestly does not extend much 
beyond the end of 1946, and in August (1946) Molotov 
(Commissar of Public Relations) expressed the \iew 
that within two years Russia would have surpassed 
Anglo-American achievements. — (The Chemical . !g< , 
May 1, 1948.) 

CENTRAL LEATHER RESEARCH INSTITUTE 

The foundation stone of the Central Leather 
Research Institute was laid on April 24, 1948, at 
Madras by the TIoiPble I)r S. P. Mookerjee, Vice- 
President, Council of Scientific & Industrial Rescaieh 
and Minister for Industry and Supply, (iovernmeut 
of India. The Institute will be the sixth in the chain 
of National Laboratories sponsored under the aus- 
pices of the Council of Scientific & Industrial Research. 

Laying the foundation I)r Mookerjee said : ‘‘I 
have great faith in the scientific talent of our country. 
I am sure that in the trials and duties that await 
us in the new independent India the scientists have 
a great and noble part to play. They possess gieat 
opportunities of service to the nation. They can 
not only solve the abstract problems of Nature but 
also the applied problems of industrial development 
and progress and by the manner in which they solve 
them find solutions for many of our pressing eco- 
nomic questions and thus create a new type of 
National economy in which the millions of our fellow 
countrymen may have a decent standard of living. ” 

Referring to the activities of the Council of Scien- 
tific and Industrial Research, Dr Mookerjee said that 
processes developed in its laboratories have helped 
the introduction of new industries. The Council 
was now actively engaged in setting up a series of 
National Laboratories in the interest of scientific and 
industrial 'development of the country. 


“The leather industry is one of the principal 
industries of India, as the value of exports of leather 
from India comes to nearly 3 to 4 crores of rupees 
per annum. The Indian Union produce* on an 
average 21 million hides per annum, of which about 
9 million hides are utilised for village tanning. India 
dresses about 8’6 million hides every year, the bulk 
of which is done in the Madras Presidency and is 
known as K. I. Kips. These are generally exported 
to outside countries for being finished into processed 
leather. The export trade on this kind of goods is 
dependent on India being able to maintain high stan- 
dards ot quality and it is, for this reason felt, that 
the establishment of an Institute in Madras will go 
a long way towards the education of the tanners. It 
is definitely in India’s national interest to export 
finished leather rathei than raw and semi-finished 
hides.” 

Referring to skill of Madrasi tanner, which ft 
based oil empirical knowledge and handed over from 
father to son, Dr Mookerjee said, this skill has 
received world wide appreciation and the accumulated 
scientific knowledge should now be harnessed in 
developing our leather industry along modern lines. 

“The Central Laboratory will undoubtedly lake 
up large range problems, fundamental, applied and 
developmental, which are usually not tackled in the 
Universities for want of fluids or lack of facilities. 
Certain types of investigations are also not taken up 
bv the industrial organisations as their solution does 
not hold out piospeots of bringing immediate mone- 
tary advantage to tile firms. The Central Leather 
Research Institute will fill this gap.” 

Requesting Dr Mookerjee to lay the foundation 
stone, Sir Slianti Swamp Ilhatnagar, Director, Scienti- 
fic and Industrial Research said that the Indian leather 
industry has a historic tradition and there is reference 
to this industry in the Rig Veda. Referring to the 
part that the leather industry is playing in India’s 
national economy Sir Slianti Swamp said : “India 
has the largest herds of cattle in world about 

180.000. 000 cows and oxen, 50,000,000 buffaloes, 

46.000. 000 sheep, 58,000,000 goats and 12,000,000 
of other kinds ; and her estimated leather production 
which include 20 million cow hides, 5'7 million buffalo 
hides, 275 million goat skins and 17 million sheep 
skins ranks the highest. The Indian Hides Cess 
Committee has valued the nation’s normal production 
of raw leather at about 19 crorc rupees with a present 
value about twice this. Hides and skins, raw* as 
well as tanned, form a big item in Iudia's export trade. 
As a result of partition approximately U of the bovine 
population and % of the goats and sheep are included 
in Pakistan area. The production of hides and skins 
will also be reduced roughly in the same ratio. 
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“The province of Madras occupies a singular 
position in India’s leather industry. 20 per cent of 
the cows, 25 per cent of the buffaloes, 25 per cent of 
the goats and more than half the total number of 
slice]) in the whole of India are reckoned to be in 
this province. Madras is also rich in vegetable 
tanning materials such as larwar or avaram , amulatas , 
babul myiobalans, mangroves, divi divi etc. Recently 
wattle cultivation has also been introduced with good 
success though it is not yet sufficient to meet the 
demand.” Continuing Sir Shanti Swamp said : 
^India being the largest source of hides and skins 
in the entire world, has a natural right to play a 
leading part in this industry. All these years she was 
satisfied with merely exporting, It should now be 
realised that this is frittering away of national wealth. 
Research is said to be the hand-maid of industrial 
progress and in the case of the Indian leather indus- 
try advancement will be possible only through 
research.” 

The total cost of the proposed Institute was 
Rs. 281 lakhs recurring of which Rs. 2 lakhs will be 
received as donation by the industry. 


SUBMARINE MUD VOLCANOES OFF THE COAST OF 
KARACHI IN THE ARABIAN SEA 

A submarine earth-quake off the Makran coast in 
the Arabian sea was reported earlier (see Science and 
Culture , 11, 426, 1946)- to have been followed by 
the emergence of two volcanic islands. As a result 
of investigation of this earth-quake by Mr V. P. 
Sondhi of the Geological Survey of India, it now 
appears that the earth-quake was accompanied ‘by 
several remarkable phenomena which it is not usual 
to find combined in a single occurrence*, and that the 
islands— which are four in number and not two — are 
not volcanic at all but are crests of anticlines formed 
by the force of gas which pushed up the thick clayey 
deposits of the sea floor. The detailed report of the 
investigations will be published in the memoirs of 
the Geological Survey of India, but a very brief and' 
interesting account has just appeared in the Indian 
Minerals, I, No. 3, under the caption “The Makran 
Karth-quake, 28th November, 1945”. 

Some of the remarkable features of the earth- 
quake were the almost simultaneous occurrence of 
another earth-quake near Rakhni in North Baluchis- 
tan. It was followed by a great seismic sea-wave 
which is rare in Indian waters. Four new islands 
sprang up along the crest of an anticline formed by 
the arching up of the thick clayey deposits of the 
sea floor by gas pressure. One of the islands bears 
the imprint of earth waves — frozen or fossil earth 
wave — which shows that the islands were raised up 


after the main shock had passed. One of the most 
spectacular features of the earth-quake was the great 
fire near Hinglaj caused by the ignition of a large 
volume of gas which erupted with such great force 
that the flames leaped thousands of feet high. This 
was taken as a volcanic eruption and the eruption of 
the dense smoke from the mud built islands led to 
the erroneous conclusion that the islands were 
volcanic and the plastic mud was thought to be lava i 
The line of these mud-built islands in the Gwadar 
and Ormara Bays is an extension of the Hinglaj belt 
of mud volcanoes. The islands, according to Mr 
Sondhi, emerged due to the pressure of gas released 
by the earth -quake and the areas where this line 
crosses the isthmuses of Ormara and Gwadar should 
be explored for the possibility of petroleum. Here is 
an instance how a phenomenon which is often catas- 
trophic in its consequences may yet be, in certain 
cases, of service to man. 


SYNTHETIC VITAMIN A 

Vitamin A is produced synthetically on a manu- 
facturing scale by Distillation Products Inc., of 
Rochester, New York. It has been available for test- 
ing. The company has neither explained the method 
of synthesis nor mentioned the starting materials. 

Several grams of pure crystalline synthetic vita- 
min A, an ounce of high potency concentrate crystals 
were exhibited at a meeting of the American Chemical 
Society in last April. The synthetic vitamin A con- 
centrates are light yellow viscous oils. They are 
totally free from the fishy smell which makes natural 
vitamin A concentrates objectionable in food and 
drug products. 

The structure of vitamin A was first established 
by Karrer in Zurich. Since then the synthesis of 
vitamin A has been reported from time to time. 

Kuhn and Morris reported in 1937, a synthesis 
of material showing growth promoting activity, which 
showed on bioassay a vitamin A content of approxi- 
mately 5 per cent. Unfortunately, this synthesis has 
not been found to be reproducible by other workers 
in Zurich and Russia. In 1939, Kipping and Wild 
claimed to have synthesised vitamin A methyl ether, 
but this claim has not been substantiated. In 1945, 
Ovoshnik has published an account of the synthesis 
of vitamin A methyl ether which possesses, biologi- 
cal activity. The validity of the product, however, is 
still doubted by other works in vitamin A field, for 
this compound has thq absorption maximum at 3150A. 
instead of the expected absorption maximum at 
3250 A. 

Several attempts were made in London in Heil- 
bron's Laboratory for the synthesis of vitamin A, and 
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though less spectacular results were achieved, the 
work was of most fundamental pioneering nature, for 
Isler and his collaborators in Switzerland working in 
the Hoffman-La Roche Laboratories have recently 
announced the successful synthesis of vitamin A on 
the lines worked up in London, continuing the vali- 
dity of the lines of thought of Heilbron. 

The largest scale production of synthetic vitamin 
A has only been made possible by the discovery of 
Isler. One of the suggestions of novel routes to 
vitamin A, coining from Heilbron’s Laboratory bore 
fruitful results in Holland in Atcns and van Dorp’s 
Laboratory where vitamin A acid and finally vitamin 
A itself was synthesised by an elegant method ; con- 
temporaneously Karrer in Switzerland prepared vita- 
min A acid. 

With the synthesis of vitamin A, a master prob- 
lem of organic chemistry has been solved. Years will 
roll by and it will no longer be an object of wonder. 
Heilbron has rightly said, ‘'after many years, victory 
has come, and the bitter disappointment will in a few 
years simply be recorded in the text books of organic 
chemistry in a few terse sentences .* 9 


ALUMINIUM FROM CLAY 

Both bauxite (impure hydrated alumina) and 
clay (mainly hydrated aluminium silicate) may serve 
as sources of purified alumina (AL0 3 ) from which the • 
aluminium metal is obtained by electrolytic reduction. 
In 1941, investigations were begun at the National 
Bureau of Standards seeking economically feasible 
methods for the production of alumina from clays. 
The development of two processes at the Bureau 
makes it possible that this abundant raw material may 
sometime replace bauxite as a source of the metal 
and will thus be imperative for the protection of the 
United States from dependence upon foreign sources 
of aluminium ore. According to Interior Department 
estimates, 70 per cent of the supply of domestic 
bauxite has already been consumed. The two pro- 
cesses for the recovery of alumina from clay are, the 
hyrochloric acid extraction process, and the alkaline 
extraction with a soluti<3h consisting of a mixture* of 
sodium hydroxide and sodium chloride. In the acid 
extraction process, developed at the Bureau the 
corrosion of metallic equipment by acid fumes was 
overcome by the use of modern plastics, glass, and 
refractory materials in place of metals. The hydro- 
chloric acid process consists in (1) roasting the clay ; 
(2) digesting the roasted product in dilute hydro- 
chloric acid ; (3) filtering to separate the insoluble 
siliceous ^natter *from the solution containing the 
aluminium and soluble impurities such as iron and 


alkali salts ; (4) concentrating the solution ; (5) pre- 
cipitating* the aluminium as the hydrated chloride 
from the concentrated solution by adding hydrochloric 
acul gas ; (6) removing the crystals of hydrated 

aluminium chloride ; (7) washing the crystals to re- 
move adhering impurities ; (8) calcining the hydrated 
chloride to obtain alumina ; and (9) recovering hydro- 
chloric acid from the waste products at the end of the 
process. While the process is applicable to nearly all 
clays, kaolin was used in the pilot plant because of 
its abundance and accessibility. 

The alumina obtained by this method has an 
average purity of about 4)9 8 per cent. The only 
significant impurities are O'l per cent of chlorine, 0 04 
per cent ot iron oxide, and 0 06 per cent of silica. 
In addition to its use in production of aluminium 
metal, the alumina produced by this process is 
superior to any on the market for polishing mctallo- 
graphic specimens. Exceptionally good results have 
a Do been obtained with this alumina in the prepara- 
tion of enamels for use at high temperatures, pro- 
bably due to the extreme fineness of the product. 
The price of producing aluminium by the hydro- 
chloric acid process is at present about twice that from 
imported bauxite. 

A suggested commercial process for the extrac- 
tion of alumina from clay and high-silica bauxites was 
worked out at tlic National Bureau of Standards in 
1943, but the alkaline process was never taken to the 
pilot plant stage. The fundamental principle of the 
alkaline process is the conversion of the alumina in 
the ore to sodium aluininate, which is readily soluble 
in water. In the extraction of alumina from ore as 
sodium aluininate, there are three principal methods : 

( 1 ) direct extraction of the untreated ore w ith sodium 
hydroxide solution ; (2) treatment of the ore to give 
a product containing solid sodium aluininate, which 
is extracted with water ; and (3) treatment of the ore 
to give a product containing calcium aluininate which 
can be decomposed with sodium carbonate solution. 
Each of these methods results in a sodium aluininate 
solution containing soluble silica to the extent of one 
or two per cent of the alumina present. A method 
has been established of recovering alumina from clay 
by a lime-sinter process involving extraction with a 
sodium carbonate-sodium chloride solution. The lime- 
sinter process was improved by utilization of the soda- 
iite method of desilicating alumina solutions contain- 
ing silica. A means was thus afforded for the pro- 
duction from clay of hydrated alumina, which after 
calcining was entirely suitable for electrolytic, reduc- 
tion to the metal. About 95 per cent of the alumina 
in the clay is recovered by this method, while losses 
of soda are small and an advantage of the process is 
that all steps can be conducted at atmospheric 
pressure. (Journal of Chemical Education , March 1948) 
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PRODUCTION OF ALUMINIUM 

Before the last war, Germany’s production of 
aluminium showed a continuous and rapid increase. 
It rose from 21 thousand tons in 193d to 73 in 1935 ; 
two years later it had leapt to 132 and in 1938 the 
output was 166 ! The U.S.A. output that year was 
130 ! And in 1943, German aluminium production 
reached the unusually high level of 320 thousand 
tons, equal to about 60% of world output. 

Such development was accompanied by a corres- 
ponding growth of the aluminium using industries 
and wide range of aluminium articles was produced 
both for the home and foreign markets. The country 
was entirely dependent on imported bauxite supplies. 

Tike Germany, Japan is a substantial importer 
and consumer of aluminium before 1938. During the 
last war, however, she developed into the world’s 
fourth largest producer of aluminium. In 1943, she 
produced 150 thousand tons of aluminium, when 
U.S.A. produced 920 thousand tons. Cheap and 
abundant electric power and plenty of shipping to 
bring in bauxite from as far away as Greece, and from 
South Hast Asia and the Pacific Islands made possible 
that very rapidly expanding aluminium industry. 
Production, technique, equipment and even operating 
experience were obtained directly from the U.S.A., 
Germany, and to some extent from Norway and 
Sweden. 

American production of bauxite increased 
slightly in the last quarter of 1947. Imports of 
bauxite declined substantially, with the result that 
the net* total of new supply was lower by It",. The 
total output in 1947 was 1,215,308 tons (The Cinmical 
Age, 58, 587, 615, 1948). 


A CYANINE DYE IN MEDICAL RESEARCH 

An orange coloured cyanine dve, the soealled 
compound 863, is found to cure tilariasis in rats, and 
is now being used with promise on human beings, 
in Puerto Rico. 

With the outbreak of the war in the Pacific, 
tropical diseases caused by parasitic worms took an 
added significance for Americans because many men 
of the armed forces were sent to places where such 
diseases occurred among native populations. When 
the cyanine dyes were tried as a specific against 
malaria, a number of them showed antimalarial 
activity but not enough to equal that of drugs which 
were already available. There in 1943, one of the 
dyes, compound 863, when given by injection, was 
found remarkably active in killing worm like para- 
sites which give rise to the disease filariasis in rats. 

(/. Chcm. Education. 25, 233, 1948). 
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STREPTOMYCIN 

The ion-exchange resins have played a signi- 
ficant part in the recovery and purification of the 
antibiotic, streptomycin, which 7s now produced on 
a large scale. The Amberlite resins are well known 
for their wide use in the isolation and purification of 
aikaioids, amino acids, vitamins and removal of 
morgamc salts from pharmacutical products. One 
oi the more effective methods used in the final 
purification of streptomycin employs a column of 
Amberlite 1R-4B, treated with hydrochloric acid, 
which affords a quick and simple means of obtaining 
the drug as the hydrochloride. Both the sulphate 
and the hydrochlorides are being elaborately investi- 
gated clinically. — (/. Client. Education, 25 , 233 1948). 

ZOOLOGICAL -SOCIETY OF INDIA 

The following members of the Executive Council 
were elected at the annual meeting held at Patna in 
January 1948: Picsidcnl : Dr. S. L. Horn; Uicr- 
P resident : Prof. I). R. Bhattaeliarya ; Secretary : Hon. 
Major Dr M. L. Roonwal ; Editor : Prof. K. N. Bahl ; 
Treasurer : Dr B. S. Cliaulum ; Mcmbcis: Dr X. K. 
Panikkar, Prof. M. A. Moghe, Dr B. N. Chopra, Dr 
Bhattaeliarya, I)r G. D. Bhalerao, Dr D. V. Hal, Dr 
T. J. Job. It is intended to bring out the first voltune 
of the Journal of the Zoological Society oj India this 
year. Papers intended for publication, which should 
either be original contributions or critical leviews of 
current researches, not published elsewhere, should 
be sent either to the Editor (at the Zoology Depart- 
ment, Tucknow r University, Lucknow) or to the Secre- 
tary (at the Zoological Survey of India, Benares 
Cantt.). Persons intending to become members 
should contact the Secretary. 

LADY TATA MEMORIAL TRUST 

The Trustees of the Lady Tata Memorial Trust 
announce the award of the following Scholarships and 
Grants for the year 1948-49. 

International Awards for research in diseases of 
the blood with special reference to Leucaemias. 

1. Dr. J or gen Bichcl, Denmark. 2. Dr. Johannes 
Clcmmescn , Denmark. 3. Dr. C. F. M. Plum, Den- 
mark. 4. Dr. Simon Ivcrsen, Denmark. 5. Prof. 
Edoardo Storti, Italy, 6. Dr. Pierre Cazal, France. 
7. Dr. Guido Totter man, Finland. 8. Dr. Peter A. 
Gorer, England. 9. Dr. Edith Paterson, England. 
10. Dr. M. C. Bcssis, France. 11. Dr, A. Kelemen. 
Hungary. 12. Dr. &Mrs. Paterson, Christie Hospital 
and Holt Radium Institute, Manchester, England. 

Indian Scholarships of Rs. 250 per month each, for 
one year from 1st July 1948 for scientific investi- 
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gations having a bearing on the alleviating of human 
suffering. 

1. Mr. Suprabhat Mukcrjce , (Applied Chemistry) 
Calcutta. 2. Mr. Yashwant Balkrishna Ruugnekai , 
(Biochemistry), Bombay. 3. Mr. (langagobindu 
Bhcittacharya, (Diabetes), Calcutta. 4. Mr. K. Rama- 
murti, (Biochemistry), Bangalore. 5. Miss. V. Shanta 
I y an gar , Bombay. 6. Mr. B. 1\. Sur, (Biochemistry) 
Bangalore. 

CHEMISTRY IN ANCIENT INDIA 

Indian Chemical Society has proposed to compile 
the History of Chemistry in Ancient and Mediaeval 
India, under an Editorial Board consisting of senior 
members of the Society, assisted by whole time and 
part time officers. The Government of India has 
been approached for a grant of Rs. 50,000 for this 
worthy object. The UNESCO, which is also inter- 
ested in the publication of the History of Sciences as 
developed in early days in various countries, lias 
already written to the Society for information on the* 
matter. 

ANNOUNCEMENT 

The Third Session <\f the International Congress 
of Anthropological and Ethnological Sciences will be 


held in Brussels and in Tervuren (Belgium) from the 
15 111 to the 23rd August, 1948. 

Dr (4 opal Singh Puri, Overseas Scholar, Govern- 
ment of India has been admitted to the Ph. D degree 
of the London University. Dr Puri worked under 
Prof. W. A. Pearsall, F.R.S. at the University 
College, London, and his thesis on the factors under- 
lying the distribution of trees and ground flora in 
parts of Southern England has been widely appre- 
ciated. We hope that the Government of India will 
provide facilities to Dr. Puri for ecological survey 
works and other urgent problems connected with soil 
erosion in India. 

Dr B. MuKKKjf, Director, Central Drugs Labo- 
ratory of the Government of India and General Secre- 
tary, Indian Science Congress Association, Calcutta, 
lias been appointed a 'Corresponding Member* of the 
Pharmaceutical Society of Great Britain, 

Dr Mukerji has contributed a great deal towards 
the drug -reform movement in India during the last 
18 years and his work in the field of Pharmacology 
and Pharmacy is recognized both in India and abroad, 
lie is a fellow of the Swiss Society foi Pharmacology 
and Physiology, the American Society for Pharma- 
cology and Experimental Therapeutics and the 
American Pharmaceutical Association. 


BOOK REVIEWS 


Abnormal Psychology — By James D. Page, Asso- 
ciate Professor of Psychology, Director of the 
Psychological Clinic, Temple University. Pub- 
lished by McGraw Hill Book Co. Inc., New York 
and London, 1947. Price $4. 

As stated by the author hitnself in the preface, 
the book deals with materials that are usually 
treated in text books of abnormal psychology. In 
simple language intelligible to all students the author 
has presented a wealth of facts relating to various 
forms of mental diseases and has devoted the two 
last chapters of the book to the consideration of 
'mental deficiency* and buiti social personalities and 
crime* respectively, As regards theories, he has 
introduced many points of view and has made honest 
attempts to be fair to the different schools. The 
reviewer however does not agree with the author in 
some* of the observations that the latter has made 


regarding the psychoanalytical one. By the very 
nature of tile subject matter that psycho-analysis 
deals with, it is not possible to check Trend’s con- 
clusions of carefully controlled experiments, but that 
does not certainly take psycho-analysis outside the 
pale of Science. It is very gratifying to find that 
the author lias very ablv presented Freud’s Libido 
theory and has not indulged in the cheap criticism 
that Freud’s theory is only paiisexualism . 

Much more perhaps could have been said on 
criminal activities but the essential facts helpful for 
an understanding of the psychology of crime and of 
the criminal have been enumerated. The reviewer 
is definitely of opinion that there are obvious objec- 
tions in accepting the pathological criterion of 
abnormality’ with regard to mental disorders. The 
analogy between physical condition and mental con- 
dition does not hold. It is quite true ^either people 
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have cancer or they have not. In the former case 
there is something physical (germs, etc.) in them 
which is absent in the healthy persons, but it can- 
not be similarly stated that abnormal persons have 
some additional mental qualities which are not found 
in the normal. 

The quantitative and statistical criterion seems 
to the only valid and useful criterion. 

The book is an excellent text book and will 
undoubtedly prove to be of great help both to the 
students who are beginning their studies of abnormal 
psychology as also to the teachers guiding them. 

5. C. M. 


Hydrostatics —By B. N. Prasad- Published by Ram 
Narnia Lai. Allahabad, 1948. Price Rs. 5/8/-. 

This is the second edition of the book originally 
published in 1943. The scope of the book has been 
slightly extended and the whole book has been 
thoroughly revised. Some misprints have also been 
corrected. This edition, like the previous one, covers 
the entire course which the B.A. and B.Sc. students 
of the Pass standard of the Indian Universities are 
required to read up. There is moreover, an 
Appendix on Metacentre and Stability of Floating 
Bodies at the end. The book will certainly be found 
useful by the students for whom it is meant. 

N. S. 


Meaning of Relativity -By Albert Kinstein. 

Methuen & Co. Ltd., London, 1946. Price fish. 

net. 

This is the third edition of the book of the same 
name originally published in 1922 as Stafford Little 
Lectures delivered by Kinstein at Princeton Univer- 
sity in 1921. Some important advances have been 
made in the General Theory of Relativity since that 
time one of which is the relativistic contribution to 
the problem of Cosmology, popularly known as the 
theory of the Expanding Universe. The value of this 
little book in the present edition has been consider- 
ably enhanced by the addition of an Appendix by 
Einstein himself dealing with the Cosmological pro- 
blem, It is a concise but well connected exposition 
of the nonstatic solution of the gravitational equations 
and its cosmological interpretation. Einstein rejects 
the cosmological A-tcrm in the ecpiation which he 
himself introduced at a time when the nonstatic solu- 
tion was not known and advocates the adoption of an 
isotropic model of the universe with vanishing 
spatial curvature in the present state of our know- 


ledge of the distribution of matter in space furnished 
by Astronomy. This small book will undoubtedly be 
read with great pleasure by every lover of Relativity. 

'N. S . 


Timber, its Structure and Properties — By H. E. 

Deseh, B.Sc., M.A., D.Phil., F.S.I. Published 

by MacMillan & Co. Ltd., St. Martin’s Street, 

London, 1947. Second Edition. Pp. i to xxii +■ 

299. Price 18 s7i . net. 

Wood has been the most popular household and 
building material from early times but no serious 
attempt w r as made to study it scientifically till its 
importance was realised during World War I. Soon 
after, laboratories w r ere established and research work 
was undertaken on various aspects of this raw mate- 
rial in different countries especially in U. S. A., 
Canada, India, England, Australia and Malaya. 

In 1938, Dr Desch, presented in a concise form 
available technical information concerning timber, 
its structure, and properties, and the book was of 
great help to the students as w'ell as to the timber 
trade as it filled a gap in the literature on timber. 
Since then the subject lias made further progress 
particularly during the stress of world War IT, and 
Dr Desch has got to be congratulated for bringing 
out a second and revised edition of this book soon 
after his release from Japanese captivity. 

' Running into 299 pages as against 169 of the first 
edition the scope of the book has been enlarged by 
adding considerable new material in different 
chapters. Part 111 dealing with the properties of 
wood, and part IV on considerations influencing the 
utilization of the wood have received special atten- 
tion of the author. New features of the book are 
the addition of chapter XIV concerning wood as an 
engineering material and an appendix II giving a 
list of more common tree genera, and the families to 
which they belong. Selected bibliography in the 
end arranged chapterwise also forms a welcome 
addition. 

The book is divided into four parts and contains 
in all fourteen chapters. Part I is concerned more 
with the fundamentals of wood anatomy outlining 
the structural and functional organisation of the tree, 
development and composition of wood, fine struc- 
ture of the plant cell wall, and characteristic features 
of tissue system as seen under the microscope in soft- 
woods (coniferous) and hardwoods (dicotyledonous). 
Pari II deals w r ith the practical aspects of the timber 
utilization and here details of gross anatomical 
features \vhich are readily visible to • the naked eye 
have been explained. These include sapwoo t <l and 
heartwood, growth rings or layers, compression and 



July, 1948 


BETTERS TO THE EDITOR 


33 


% 


tension wood, grain and texture, figure in wood, 
colour, odour and taste, irritants and lustre. All 
these factors not only determine the usefulness of 
the timber to man but some are of great help in 
assessing the quality of timber as well. This is 
followed by a chapter on the identification of timber 
which has been enlarged by incorporating the card 
sorting method of identifying timbers as developed 
by Clarke, Phillips, Dtidswell and Kckersley. 

Part III deals with the properties of wood and 
naturally here the author has thought fit to add some 
of the recent researches with special bearing on the 
influence of micro-structure of cell walls, moisture 
and defects on the strength properties of timber. 
Moreover the potentialities of stress grading in more 
economic use of the wood have been indicated. 
( )ther chapters include as before density, moisture, 
and conductivity and heal values of wood, the Inst 
one having a new paragraph on the energy value of 
wood in Internal Combustion I Cngines. 

Part IV lias also been greatly improved as it 
deals with various practical considerations which in- 
fluence the efficient utilization of wood. Under 
seasoning, new sections on chemical seasoning and 
drying of wood electrically have been added 
Similarly, chapters on defects, preservation, and 
grading of timber have been improved bv adding up- 
to-date researches carried out in different laboratories. 
The value of the book has been enhanced by the 


addition of a new chapter on wood as an engineering 
material including sections on timber connectors and 
adhesives. 

The book is liberally illustrated and contains one 
hundred photographs and text-figures. Among new 
additions are some more photo-micrographs of wood 
sections and a number of new photographs of timber 
testing machines as well as of test specimens of wood 
showing different types of failures. The frontispiece 
has been replaced by a series of photographs explain- 
ing the nature of area and linear magnification. 

Timber is a national asset and no country can 
afford to neglect its study. It is probably hardly 
realised in this country that during wartime, wood 
has been used in all conceivable ways. Beiug a bio- 
logical product, its actual performance is sometimes 
variable as compared with steel. This necessitates 
intensive research, and in India where there are 
thousands of wood available in different provinces, 
this is all the more imperative. The book under re- 
view should have a wider appeal in this country in 
view of the growing industrialisation in the wake 
of freedom. Our universities and industrialists should 
do well to foster both fundamental and applied re- 
search on timber so as to harness one of our most 
important raw products to the best advantage of the 
nation. 

S. S. G. 


LETTERS TO THE EDITOR 

[The Editor > are not responsible for the views expressed in the letters.] 


NUTRITIVE VALUE OF VANASt' IT/.S.— 2 


TABLE I 


In view of the paucity of accurate information 
on the influence of vegetable oils and vanaspatis on 
the utilization of calcium and phosphorus, an investi- 
gation was undertaken to study the effect of a few 
vegetable oils and some of the commonly available 
vanaspatis manufactured from these oils, on calcium 
and phosphorus — the two important bone forming 
elements. 

/ 

The experimental procedure adopted in this in- 
vestigation was the same as followed by Kehar and 
Chanda 3 for studying the effect of vegetable oils and 
vanaspatis on protein metabolism. The average re- 
sults obtained on six animals of each group are given 
in Table 1, cow ghee group was used as a positive 
control and fat free group as a negative control. 

$ 


Groups of rats indicated by 
nature of fat 


Fat Free 
Cow ghee 

Groundnut oil (raw) 
Groundnut oil (refined) 
I)alda Vanaspati (m.p. 36°C) 
Dalda (m.p. 40-42°C) 

First Quality (m.p. 40-42°C) 
Til oil (raw r ) 

Til oil (refined) ... 

Temple (m.p. 4M3°C) 
Rajhaus (m.p. 42°C) 
Cottonseed oil (raw) 
Cottonseed oil (refined) 
Binaula (m.p. 37-40°C) 
Kotogem (m.p. 41°C) 


Per cent 

Per cent 

absorption of 

absorption of 

Calcium 

, Phosphorus 

—5 

i 

7*5 

45 

; 57 

40 

! 48 

41 

‘ 47 

39 

44 

36 

44 

23 

42 

39 

44 

38 

| 36 

35 

28 

25 

! 30 

33 

41 

37 

i 47 

f 34 

! 38 

29 

35 
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It will be observed that the absorption of calcium 
and phosphorus is extremely poor on fat-free diet. 
The addition of fat, to a fat-free diet, however, raises 
the percentage absorption. The degree of improve- 
ment seems to depend on the nature of fat. 

If the percentage absorption of calcium and 
phosphorus of vegetable oils and vanaspati groups are 
compared with cow ghee group, it will be observed 
that the calcium utilization was decreased by 9-27 
per cent in the oil groups and 20-44 per cent in the 
vanaspati groups. Phosphorus utilization was 
decreased by 16-37 per cent in the oil and 23-51 per- 
cent in the vanaspati groups respectively, as coin- 
pared to cow ghee. Datta* reported that calcium 
absorption is 14 per cent less on diets containing 
vatiaspatis when compared to butter fat. 

Tf the mineral absorption of vanaspati groups is 
compared with corresponding oils, there is always 
found a decreased utilization in the vanaspati groups. 

The effect of supplementing synthetic B-vilnmins 
was studied in the two groups of rats receiving raw 
groundnut oil and vanaspati (m.p. 36°C) as reported 
earlier, 8 Results of supplementation are given in 
Table 2. 


TABLE II 


Groups of rats 


Per cent 
absorption of 
Ca. 


Per cent 
absorption 
of P. 


Groundnut oil raw and B- 
vitamins 

Dalda Vanaspati (m.p. 36°C) 
and B-vitamins 


47 


45 


52 

51 


It would be observed that the calcium absorp- 
tion was raised by 18 and 15 per cent and phosphorus 
absorption by 8 and 16 per cent in the supplemented 
oil and vanaspati groups respectively. 

Details will be shortly published elsewhere. 

N. D. Kkhar 
R. Chanda 

Animal Nutrition Section, 

Indian Veterinary Research Institute, 

Izatn agar , 20-3- 1 948 . 

1 Datta, N. C., Science and Culture, 10, 390, 1945. 

* Kehar, N. D. & Chanda, R., Science and Culture, 13, 
426, 1948. 


FRONTS JN SOUTH-WEST MONSOON DEPRESSIONS 

In an earlier note the authors 1 discussed the 
existence of fronts in Post-monsoon storms. 

Two storms, one Of them crossing coast about 
80 miles to the north of Madras and the other 160 


4 

miles to the south of Madras, were studied with the 
help of upper air temperature and humidity data 
and upper wind data at Madras. Upper wind data 
at other stations in the region was also studied. It 
was found that the temperature and humidity con- 
ditions remained practically uniform and that no 
evidence of any front with temperature and humidity 
contrasts could be found upto 5 km. in either of the 
storms. The storms were fully developed and it was 
concluded that there were no fronts within two 
hundred miles of the centre of developed storms. 
But whether there were fronts during the formation 
stage and later could not be answered, and in order 
to determine this monsoon depression in the first 
week of July 1945 was examined. The depression 
developed in the northwest Bay of Bengal and almost 
daily radiosonde observations round the area, from 
Vizagapatam, Cuttack, Calcutta, Chittagong and 
Akyab, were available. 

Conditions were markedly unsettled in the north- 
east angle of the Bay of Bengal on the morning of 
30th June 1945. It developed into a depression at 
20°N and 88J4°K by the morning of 1st July 1945 
and there was a cvclonie storm at 0230 G.M.T. of 
2nd July 1945 centred at 21 b<°N and 87U°K. It 
crossed coast near Balasore about 0530 O. M. T. of 
2nd July and later followed a WNWly course. 

Vertical cross sections through Vizagapatam, 
Cuttack, Calcutta, Chittagong and Akyab, and time 
altitude cross sections for all the stations were pre- 
pared. 

On the 29th July, between 950 and 650 mbs. 
there was a gradual increase of temperature from 
Calcutta to Vizagapatam (through Cuttack), Vizaga- 
patam being about 2°C to 6°C warmer than Calcutta. 
By 30th Vizagapatam and Calcutta had nearly the 
same temperature and Cuttack was cooler than either 
by about 2°C, The air at Akyab was ('older by about 
5 ° below 800 mbs. on 29th and upto 700 mbs. on the 
next day. 

On 1st July at the time of the ascents the 
depression was deep and 200 miles east of Cuttack, 
the place having recorded four inches of rain between 
0230 and 1130 G.M.T. that day, and recorded another 
three inches of rain by 0230 G.M.T. of the next day. 
Cuttack ascent made at 13 G.M.T. was thus repre- 
sentative of the heavy rainfall conditions in the south- 
west sector of the monsoon depressions. Compared 
to the previous day, temperatures at Cuttack rose 
between 950 and 300 mbs. presumably because of 
the release of large amount of latent heat of con- 
densation. The rise of temperature was only 1°C 
at 950 mbs. but increased steadily with height and 
was 5°C above 650 mbs. Cuttack was warmer than 
Vizagapatam above 900 mbs. by at least 2°C., the 
difference being 5°C. at some levels, Cuttack was 
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also warmer by 2°C to 50° than Calcutta, Chittagong 
or Aky^b between 9C)0 and 700 inks., but aloft tem- 
peratures were nearly the same. The colder air mass 
at Akyab was still present below 700 mbs. though 
it was getting warmer. 

By 2nd evening the depression was 120 miles 
north of Cuttack. Rainfall had ceased over Cuttack 
area. Temperatures fell from 1st to 2nd at Cuttack 
below 700 mbs. but rose aloft upto 400 mbs. At 450 
mbs. the rise was 4°C. Thus below 700 mbs. the 
highest temperatures at Cuttack were attained on 1st 
while between 700 and 400 mbs. they were reached 
on 2nd. Temperatures fell at Calcutta by about 5°C 
below 700 mbs. from 1st to 2nd. The winds also 
changed from IvN K on 1st to SSK on 2nd. It would 
appear that the air over Akyab below 700 miles on 
dOth June appeared over Calcutta on 2nd July. At 
Chittagong also there was a fall of 1°C to 2°C between 
950 and 850 mbs. from 1st to 2nd. At Akyab, how- 
ever, the temperature rose and the colder airmass 
was not distinguishable. On 2nd air over Cuttack 
continued to be warmer than that at Vizagapatam by 
about 3°C. 

On 29th and 30th there was very little tempera- 
ture gradient between Calcutta and Vizagapatam and 
there was no evidence of any front with temperature 
contrasts. The rise in temperature over cuttack on 
1st was due to tile heavy rainfall and these higher 
temperatures continued on the 2nd and there was no 
evidence pf any front also on these days. Akyab 
had showed a colder ait mass on 29th at lower levels 
which reached Calcutta on 2nd, but from the 
synoptic charts it appears that this air could not have 
reached the region of the depression and played any 
part during its formation and probably also later. 
Thus there is no evidence of any front with tempera- 
ture contrast either during the formation stage of the 
depression or later when it developed into a storm. 

As the temperatures were highest in the zone of 
heavy rainfall and decreased to the north and east, 
the heavy rain cannot be due to the upglide of the 
air from the north and east. 

The warm air at Cuttack and Vizagapatam on 
29th seems to be of subsided origin. Akyab also 
showed subsided air on 28th, 

Details will be published elsewhere. 

S. K. Pramanik 
Y. P. Rag 

The Observatory, 

Lodi Road, New Delhi, 

30 - 3 - 1948 . 

1 Pramanik and Rao, Sczkncr and Cuiturk, 13. 36, 1947. 


BIOLOGICAL AVAILABILITY OF FATTY ACID 
MONOESTER OF I -ASCORBIC ACID 

Tim use ot 1 -ascorbic acid as an antioxidant 
for oils and fats whether alone or in combination 
with other antioxidants has been demonstrated by 
many workers. 1 But the insolubility of 1-ascorbic 
acid in dry fat, limits its effectiveness as antioxidants 
for fats and oils. The fact that esterification of 
1-ascorbic acid with higher fatty acids like palmitic, 
stearic etc.., renders it fat soluble, and makes its 
incorporation as such much easier. Now the 
structure to which the antiscorbutic action of the 
vitamin is attributed might also be affected by the 
process of esterification. It is, therefore, desirable 
to investigate as to the degree of activity retained 
by these esters. This can very well be tested by 
the biological assay of the fatty acid esters of 1- 
ascorbic acid with guinea-pigs. 

Normal healthy and male guinea-pigs (body 
wt. 250-300 gm) were divided into 5 different groups ; 
these were maintained on the following diet con- 
sisting of crushed barley- 64 parts, crushed gram — 20 
parts, casein --12 parts, cod liver oil— 2 c.c., and 
water to drink ad lib . When the animals just began 
to show a steep fall in body weight (after 20-24 days) 
the first group of animals was given per animal 0'5 
gin. of synthetic 1-ascorbic acid. The 2nd, 3rd and 
4th group of animals were given an amount of the 
different esters containing 0‘5 mg. equivalent of in- 
dophenol reducing substances as supplements to the 
above basal diet The fifth group was used as control 
to which no supplement was added to the scorbutic 
diet. The supplement was continued for two weeks 
when the animals showed steady and proportionate 
increase in body-weight. The results of the biologi- 
cal assay are given in Table I. 



TABLE 1 



f 

2 

o 

Daily supple- 
ment. 

No. of guineapigs 
for each test. 

Av. wt. on the 
day supplement 
started, (in gm.) 

Av. wt. after 2 
weeks of supple- 
ment. (in gm.). 

.S 

'rt 

bo 

> 

I 

1 -Ascorbic acid .. 

2 

i 

! 296 

232 

+27 

ii 

1-Ascorbyl 

laurate. 

3 

I 287 

315 

+28 

m i 

1-Ascorbyl 

palmitate. 

3 

'• 238 

1 266-3 

+28-5 

IV 

1-Ascorbyl 
stearate. ■ 

3 

310 

335 

+25 

V 

No supplement j 
added to the 1 
basal diet. ! 

i 

2 

i 

— 

Died of 
! scurvy. 

i 
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It will appear from the results in Table I that 
the anti-scorbutic action of 1 -ascorbic acid is not 
significantly affected, by the esterification of the 
vitamin. The biological utilisation of the fatty acid 
monoesters of 1 -ascorbic acid being fairly comparable 
to that of 1-ascorbic acid, it may prove advantageous 
in certain vitamin preparations to use this fat soluble 
form of the vitamin. 

Our thanks are due to Dr S. C. Ray, for his 
kind interest and help in this work. 

M. Goswami 
S. Mukerji 
S. N. Ray 

Dept, of Applied Chemistry, 

University College of vSeience and Technology, 
Calcutta, 26-4-1948. 

1 Golurnbic C. & Mattill, H. A., J. Am. Chem. Soc., 6.1, 
1279-80, 1941; Calkins, V. P. & Mattill, H. A., J. Am. 
Chem. Soc., 6*6', 239-42, 1944; Mukherji, S. & Goswami, 
M., J Ind. Chem. Soc., 24, 239-48, 1947. 


CHEMICAL INVESTIGATION OF THE BARK OF 
PRUNUS ACUMINATA 

The bark of Prunus puddum has bcen investi- 
gated in this laboratory and three crystalline com 
pounds have been isolated from it, c.g., (1) a fiavone 
(Puddumetin), (2) isoflavone (Prunasetin), and (3) a 
flavanone (Sokuranetin) 1 ’ 2) *\ In view of this inte- 
resting result, a systematic chemical investigation 4 of 
the different species of Prunus available in India has 
been undertaken. 

A colourless crystalline compound (m.p. 250-51°) 
lias been isolated from the bark of Prunus acuminata, 
collected from the district of Darjeeling. 

The air-dried powdered bark of Prunus acuminata 
was extracted with ether for 18 hours. The dark 
reddish green oil, obtained after removing ether, was 
washed with petroleum ether (b.p. 40-60°) thrice 
when solid separated. The solid was collected and 
repeatedly extracted with boiling rectified spirit and 
filtered. The filtrate, on standing, deposited crystals 
which were further purified by repeated crystalliza- 
tion from glacial acetic acid (4 times) and ethyl 
acetate (6 times), colourless needles, m.p. 250-51°. 
Yield 03 per cent. It distilled at 1 90-200° /0‘1 mm. 

The pure sample was dried over P 2 0 5 in vacuum 
at 150-60° for 4 hours and was then analyzed (Found ; 
C, 82*52; H, 11*48. C 2l H 30 O requires C, 82'89 ; 
H. 11*84 per cent.). 


It forms beautiful needle shaped crystals under 
microscope. It is insoluble in ether, water and 
caustic alkali, sparingly soluble in methyl and ethyl 
alcohols, but readily soluble in benzene and chloro- 
form, warm ethyl acetate and warm glacial acetic 
acid. 

It docs not respond to ferric chloride reaction, 
but responds to Uiebermann-Burchard reaction, 4 
Salkowski reaction 5 and Rosenheim test. 6 
Further work is in progress. 

D. Chakravarti 
N. Kunpu 

Chemical laboratory, 

University College of Science ft Technology, 
Calcutta, 10-5-1948, 

1 Chakravarti and Ghosli— S cience and Cui/ruRE, 8. 463, 

1942-43. 

2 Chakravarti and Blxir— Science and Cui/turk, 8 , 498, 

1942-43; J. Ind. Chem. Soc., 22, 301, 1945. 

3 Kundti, Ghosh and Chakravarti — J. Ind. Chem. So( . 

(Paper communicated). 

4 Liebermann — her, 18, 1803, 1885. 

“ Salkowski — Z. Physiol. Chem., 57, 523, 1908. 

6 Rosenheim— Hiochem. J., 23, 47, 1929. 


NEW SULPHA COMPOUND “6257” FOR CHOLERA 
INFECTION 

It has been recently noted by Bhatnagar 1 et al 
that 2 molecules of 2-p-ainino-benzene sulphonamido- 
thiazole and three molecules of formaldehyde react 
to form a compound C 2 iH 220 6 N 6 S 4 (constitution not 
ascribed), effective against human Cholera infection. 
Sulfathiazole is known to exert a bacteriostatic action 
against V. C holer ae but this chemotherapeutic acti- 
vity is lowered by the presence of a trace of p- 
aminobenzoic acid (0 05 pg per c.c.). In this respect 
‘marfaniP’ (p-amino-methyl benzene sulphonamide) 
has been found by Basu et al 2 to be active in inhibit- 
ing the growth of V. Cholerae even in presence of 
p-aminobcnzoic acid at a concentration as high as 
20 pg per c.c. 

Work in this direction is being followed in this 
laboratory and it may be recorded here that the com- 
pound that has been recently described by Bhatnagar 
may also be produced by reacting sulfathiazole with 
hexamine. The product is isolated in fine crystalline 
form melting with decomposition at 276-278°C. 
From all its chemical characteristics and from the 
general behaviour of sulfathiazole (c.f., Shdpherd*) 
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the structure of the compound, “6257” can be 
represented by the form (I). 

vS Cl I 

I II 

HO.CHo.NH.C ( ,H 4 .SO-..\ -c ch 

N/ 

N 

I 

CH, ' 

I 

N 

II().CH,.NII.C»H 4 .S()..N-- c ch 

I II 

S CH 

(I) 

Details of the work arc being published elsewhere. 

U. P. B ast: 

Bengal Immunity Research Institute, 

Calcutta, 14-5-1948. 

v 

1 Bhatnagar, i'emamlcs, <le Sa aud Divekar, Natmc, 161, 
395, 1948. 

* Basil, Sen Gupta and Sikder, Science and Culture, 10, 262, 
1945. 

Shepherd el ul, j. Amur. Chan . Soc., 64, 2532, 1942. 


EVIDENCES OF PLEISTOCENE GLACIATION IN THE 
EASTERN HIMALAYAS 

Work on Pleistocene glaciation in the Hima- 
layas has been done by Dc Terra and Paterson, 1 who 
made a thorough study of the last Ice-Age in 
Kashmir, no work on glaciation in the eastern 
Himalayas has so far been done. 

While studying the soil development on the 
foothills and the sub-montane zone of Darjeeling and 
Bhutan Himalayas in the Western- 1 )iutrs the author 
traced a magnificent ‘boulder platform*, about 24 
miles from west to east between the rivers Chcl and 
Daiiia, and about 5-7 miles from the base of the 
Himalayan front-ranges in the north to the flat mono- 
tonous plains in the south. Being dissected by the 
major rivers Neora, Murti-Jaldhaka, Daiiia aud other 
minor ones the platform stands as a series of tongues 
encroaching upon the plain. Its elevation is about 
1200 ft. near the base of the Himalayas and is about 
a hundred feet at its southern extremity where it 
ends most abruptly as a line of cliff running west to 
east, often deeply cut by ravines, as between Neora 
and Jaldhaka. West of Neora and of Daina the 
boulder formation terminates in a series of low swells 
of clay, gravels and boulders, conspicuously distinct 
from the sandy plains beyond. This extensive 


boulder bed was examined at 14-15 different places 
near deeply cut ravines and was found to be solely 
of boulders, large and small, all unassorted in a 
matrix of clay and silt, the .soil samples showing a 
very high p.c. of clay (30-40 p.c.) together with a 
high proportion of sands and rock particles. 

Mallet 2 noticed these beds as an ‘enormous recent 
boulder deposits’ becoming finer and graduating into 
the ordinary alluvium of the plain to the south, typi- 
fying ordinary gravel-drifts or fluviatiles deposits. 
But these beds do not get appreciably finer and cer- 
tainly do not graduate, either topographically or 
texturally into the alluvial plain of the south, as is 
evidenced by the occurrence of quite large and small 
boulders stuck in a clayey matrix at the southern 
faces of the cliffs and in the predominance of boulders 
of considerable size, strewn beyond the southern 
cliff-edges, especially in the present stream beds. 
This unassorted fabric of these deposits strongly 
simulates the ‘tin fabric* texture and is undoubtedly 
of glacial origin. 

Godwin-Austin 3 noticed this gigantic boulder- 
clay formation with a ‘very sudden termination of 
these gravels and clays in a more or less abrupt scarp 
running east and west* as also ‘in a low scarp of sand 
and gravel’ overlooking the dead level of the plain. 
He also noticed like the present author large boulders, 
one was of 10 ft. diameter, at the foot of the boulder- 
cliffs and on the stream beds far removed from the 
hills, 'requiring the existence of more than the ordi- 
nary transporting power of the moving w T ater’. The 
examination of rock samples from the entire depth 
of these beds and from all over the area reveals that 
the entire boulder platform is formed by gneissosc 
and schistose rocks, evidently transported from the 
Bhutan and Darjeeling gneissic rock areas, more than 
10 miles beyond the Daling slate and Tertiary sand- 
stone belts which abut on the boulder beds here. 
Absence of Daling slates and Tertiary sandstones is 
an important feature in these deposits. This process 
of transport of such a prolific amount of gneissose 
rocks from such a long distance beyond the Daling 
front-ranges provides strong evidence in support of 
the glacial origin of these beds. 

The geomorphie evidences, are no less conspicu- 
ous. In the Neora- Jaldhaka section there is a sharp 
break in the gradient of the platform where a series 
of isolated, elongated, knoblike hillock, of altitude 
1100 — 1200 ft. and running from west to east in an 
arc suddenly drops down to about 900 ft. in their 
southern face, thus giving a terraced appearance. 
These elongated knoblike hillocks, formed of the 
same unassorted boulders and clay, appeared to me 
as nothing but a series of ‘drumlins’, probably formed 
at the time of recession of a glacial lobe during the 
last Pleistocene Ice Age. The general level of the 
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boulder bed, under a thick soil and jungle cover, is 
extremely hummocky, strongly resembling the 
inarainic ‘kettle and pond topography* of glacial 
origin. In addition, paired 3-level terraces were 
noticed to have developed in all the large and small 
rivers and streams that run through the area. 

The gcomorphic and the petrographic evidences 
adduced here strongly suggest that the ‘boulder plat- 
form* represents the marginal depositions of a re- 
treating glacial lobe from over the Himalayas and 
the ‘drumlin-line’ may be relegated to a pause in its 
slow recession and the paired terraces to a series of 
rejuvenation in the post-glacial drainage channels. 

Further work on the fabric of the till, petrology 
of rocks and geomorphology of the area is in progress 
which is expected to throw more light on the 
problem. 

The author is indebted to Prof. S. Roy of the 
Geology Department, Presidency College, Calcutta 
for his keen interest and help during the progress in 
the field work. 

Nisith R. Kar 

Dept, of Geology and Geography, 

Presidency College, Calcutta. 

15-5-1948. 

1 De Terra, H. and Paterson, T. T., ‘Studies on the Ice Age 

in India and associated human Cultures*, Carnegie Inst. 

Washington, 1939. 

a Mallet, P. JR., Mem . G. S. 1., 11, 1874. 

■’Godwin Austin, H. H., Journ. Asiatic Soc. Bengal, 37, 

117, 1866. 


A PLEA FOR A SURVEY OF INDIAN FUNGI IN 
SEARCH OF ANTIBIOTICS 

Thk discovery, by a happy accident, of penicillin 
by Prof. Fleming is one of the most outstanding 
events of recent times and has led, in the post-war 
period, scientists in all progressive countries em- 
barking on a systematic hunt for antibacterial activity 
among different kinds of micro-organisms. Without 
doubt penicillin still leads, although a number of pro- 
mising substances of therapeutic value have already 
been discovered. 

In Government-sponsored investigations carried 
out in the United Kingdom, about 800 species of fungi 
of different groups have been tested for antibacterial 
activity by Wilkins and his collaborator. 1 Similar 
tests have been carried out in the U.S.A. by Robbins, 
Hervev and their associates 2 for about 1000 fungi, 
of which about 800 belong to the Basidiomycetes 
(wood-destroying higher fungi). In the course of a 


talk with Dr Robbins (Director of the New York 
Botanical Garden) in April 1948, the writer learnt that 
investigation of additional 1000 Basidiomycetes had 
been completed, and the results are now awaiting 
publication. In Australia too, 200 mushrooms have 
been tested for antibacterial potency by Atkinson. 3 

While so tremendous an amount of survey work 
is going on abroad, the position in India is dis- 
tressingly poor, despite a rich and varied fungal flora 
that India has. The writer, a solitary worker in this 
field in India, and working for the last four years 
at only one species of Basidiomycetes, c.g. t Poly - 
' st ictus sanguineus , 4 discovered a therapeutic sub- 
stance of great value against, among others, an essen- 
tially tropical and widespread disease, namely, 
typhoid. The work of purification of this crude sub- 
stance and of isolation of the active principle is now 7 
being carried out with the active co-operation of 
American chemists. India is a poor country, as re- 
gards both men and material, and can hardly be 
expected to come up to American or British levels 
of industry in this field ; yet, we would urge the 
Government of India to make at least a modest but 
immediate beginning with this very important work 
of exploration of our Indian fungi and their anti- 
biotic possibilities. 

S. R. Bosk 

Botanical Laboratory, 

R. G. Kar (Carmichael) Medical College, 

Calcutta, 24-5-1948. 

1 Wilkins, W. II., Brit. J. Expt. Pathology, 28, 416-417, 

1947. 

2 Robbins, W. J., Hervey, A. cl al. Bull. Toney Bot. Club, 

72, 165-190, 1945; Hervey, A., Ibid, 74, 476-503, 1947. 

Atkinson, Nancy, Austral. ]. Exp. Biol. 169, 1946. (Also 
see Science and Culture, July, 1947, p. 33). 

4 Bose, S. R., Nature, 158, 292, 1946. 


DATURA METEL C. AND D. FASTUOSA h. 

Datura Fastuosa L. and D. Metel L. have been 
much misunderstood in the Indian Floras. Too much 
importance has been given to the colour variation in 
their flowers. Linnaeus himself did not attach much 
value to this character, for he included the Indian 
Daturas with white and purple flowers, with single, 
double and treble flowers in one broadly recogniz- 
able species . 1 Clarke’s interpretation of them and his 
synonymy have added to, rather than cleared this 
ambiguity of these species. Many Indian authors 
have adopted more or less Clarke’s species and 
varieties, but Clarke’s D . Fastuosa and D . Fastuosa 
var. alba are hardly worth separation from D. Metel 
L., considering the nature of the leaves, indumentum, 
coloration of corollas and the number of corolline 
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teeth, as these points of difference have been found 
to be common to both, in a greater or less degree. 
Clarke quotes Botanical Magazine , t. 1440, (1809) 
under D. Meld L. and states that the corolla limb 
is 10 toothed. But more than 5 teeth cannot be seen 
in this picture. Probably the folds between the teeth 
have been mistaken for teeth. 

Linnaeus differentiated D. Fastuosa 2 from ]). 
Mctel s on the tuberculate nature of the thorns on 
the fruit. After a thorough examination of the her- 
barium sheets at Sibpur and at the School of Tropi- 
cal Medicine, Calcutta and the literature on Datum, 
the author lias arrived at the conclusion that D. Meld 
L. being the oldest, should be the only valid species, 
and that D. Fastuosa of Linnaeus and of other authors 
should be treated merely as a variety, namely, 7). 
Mctd L. var. Fastuosa (L.) Narayanaswami Comb. 
Nov. distinguished from the type in having bhuitish, 
fewer, shorter and stouter spiny covering on the fruit 
and with both white and purple, as well as single, 
double and treble flowers. These varietal characters 
should not be considered enough either for specific 
or varietal separation. 

V. Narayanaswami 

Botanical Survey of India, 

Royal Botanic Garden, 

Sibpur, 4-6-1948. 

' “Hortus Clifiortiamis”, 55, sp. 2 , ed. 1737 
2 “Svstum,” e<l. 10, 932, 1759. 

'* “Species Plantarum", ed. 1, 179, 1753. 


DISCHARGE MECHANISM IN AN OZONIZER 

In a previous communication 1 it was shown that 
the so-called '‘light effect”* as first observed by 
Joshi, is closely associated with the characteristic 
peculiarities of the ozonizer discharge and that to 
understand the former it is essential to first under- 
stand the latter. 

The characteristic peculiarities of the ozonizer 
discharge arise out of the fact that the electrodes 
which lead the currents in and out of the annular 
discharge space are made of insulators (glass) and 
not of conductors (metal) as iti an ordinary discharge 
tube. The essential features of the discharge, as arc 
determinative of the “light effect”, during each cycle 
of the applied exciting voltage (a.c. several kilovolts), 
are as follows : 

There is at first a discharge — an electrical break- 
down (ionization) of the containing gas ; this is 


* The "light effect" consists of a sharp decrease in the 
discharge current when an ozonizer tube in operation is 
hooded with light. 


followed by deposition of surface charges on the 
glass walls which stops the discharge ; this is finally 
followed by a series of discharged due to the neutra- 
lization of the surface charges by a series of isolated 
sparks. That the discharge phenomenon consists, 
in the main, of this sequence of events in each cycle 
was verified by recording the time variation of the 
discharge current with a catliode-ray oscillograph. 
It was found, however, that the nature of the applied 
voltage (sinusoidal rise and fall) is such that com- 
plicating side effects are produced which, not ill* 
frequently, masked the essential sequence of events. 
It was therefore thought that a clearer picture of the 
essential phenomena would be obtained if, instead of 
a.c. voltage, sharp voltage pulses, at intervals long 
compared with the duration of each pulse, were uScd 
for exciting the ozonizer. In that case the surface 
charges produced as a result of the discharge by the, 
voltage pulses would act in a field-free space for a 
longer interval and show their effects clearly. 

The pulses were produced in the following way. 
Radio frequency pulses as used for ionospheric ex- 
ploration were picked up and rectified by using a 
suitable circuit. The output voltage was made free 
from the radio-frequency by a filter and then applied 
to the two terminals of the ozonizer tube. The dimen- 
sion of the ozonizer and its other characteristics are 
given below : 

Radius of the inner electrode — 4 mm. 

Radius of the outer electrode- -10 mm. 

Length of the tube — 15 cm. 

Magnitude of the voltage pulse— 2500 volts. 

Circuit resistance — 50,000 ohms. 

Typical oscillographic records of the discharge 
current ate shown in Fig. 1. It will be noticed that 



Fig. 1 

(a) (b) 

in Fig. 1(a) there are only the external voltage pulses 
at right angles to the time base. This is the case 
when the pressure is high and there is no discharge. 
When the pressure is gradually decreased, discharge 
suddenly starts and now two phenomena are observed. 
Firstly, the pulses appear to be lengthened and 
secondly a large number of closely packed pulses 
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appear between the externally applied voltage pulse* 

| Fig. 1(b) ], The interpretation of these records accord- 
ing to the hypothesis of the discharge mechanism is 
simple. The lengthening of the pulses is due to the 
superposition on the same of the ionization current 
produced by the electrical breakdown of the gas. 
The ionization current is, however, transient because 
the electrons and ions produced are stopped by the 
glass walls as they are urged towards the same bv 
the field of the applied voltage. As a matter of fact 
they are deposited on the walls as surface charges. 
The closely packed pulses arc the discharge currents 
due to the neutralization of the surface charges In 
a series of isolated sparks. This discharge, as ex- 
pected, occurs in the interval between two applied 
voltage pulses when there is no external field. Il 
is also to be noted that the neutralizing pulses arc 
t produced in the opposite direction to the applied 
pulses. 'Phis is as it should be, because the surface 
charges on the glass walls of the discharge lube pro- 
duce field ill the sense opposite to that of the applied 
voltage pulse. 

The discharge mechanism in an ozomzer based 
on the above hypothesis, as also the origin of the 
light effect are discussed in detail in a paper to be 
shortly published in the journal of the Indian Chemi- 
cal Society. 

We are grateful to Prof. S. K. iMitra lor his kind 
interest in the work. 


(Miss) N. Ghosh 
S. Deji 


Wireless Laboratory, 

University College of Science & Technology, 
92, Upper Circular Road, Calcutta. 

4-6-1048. 


1 Deb, S. and Ghosh, Nilitna (Miss), Sen, no and Cuprukh, 
12, 17, 1946-47. 


STUDY OF FRIEDEL-CRAFT’S REACTION INVOLVING 
UNSATURATED KETONES 


(Found: C, 70*89; H, 7 98 ; C 1T H, 2 () 4 requires C, 
70*35 ; 11, 7*58 per cent). 
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'Phis Keto-Iistcr (I) was then hydrolysed with 
aqueous caustic potash to yield (IT), b.p. 165° — 170°/4 
nun. (Found C, 76*41 ; II, 8*15 ; C, t H 1R () 2 requires C, 
77*06, II, 8*25 per cent) (Oxime in.p. 173°). The 
Ketone (II) was then reduced to the secondary alcohol 
by sodium and alcohol and the crude alcohol thus 
obtained was dehydrated with KIISO, to yield the 
Unsaturated compound, b.p. 135°/4 mm. This on 
sulphur dehydrogenation at 220° — 240° yielded a 
white solid compound (III) which on purification by 
crystallization from Petroleum ether (b.p. 60° — 80°), 
high vacuum sublimation and further crystallizations 
from Petroleum ether (b.p. 60° -80°) melted at 110°. 
This showed no depression in .melting point when 
mixed with an authentic sample of 4 -m ethoxy ■ -4'- 
methyl-diphenyl m.p. 110°, prepared as follows: 

The Grigiiard complex of p-bromanisole w:is ic- 
acted with p-m ethyl -cyclohexanone to yield 4-(p- 
Mcthoxyphenyl)-l-mclhyl-cycTohcx-4-ene, m.p. 72° 
(Found C, 83*24; II, 9 17 ; C,,H 1h O requires C, 
83’ 16 ; H, 8*91 per cent), which on sulphur dchydro- 
gencration at 220° — 240° furnished 4-methoxv-4 / - 
metliyl-diphenvl m.p. 110° l (Found C, 84*14 ; H, 
7*49 ; C u H n O requires C, 84*84 ; H, 7*67 per cent). 
The above series of experiments show clearly that 
linkage in the Fricdcl-Crafts reaction takes place 
normally in the para position. 

Our grateful thanks are due to Profs. P* C. Mitter 
and D. K. Banerjee for their advice and encourage- 
ment during the course of this investigation. Thanks 
are also due to the authorities of this College for 
giving the necessary facilities to one of us (JI.N.K) 
to work in the Organic Research Laboratories. 


With a view to study the nature of the linkage 
in the Kriedel-Crafts reaction with aft Unsaturated 
Ketones 1 we have carried out the following experi- 
ments, as a result of which the synthesis of 5-(p- 
Methoxyphenyl)-2-nuthyl cyclohexanone has been 
achieved. Anisole was condensed with Ethyl -2- 
tncthyl-A 8 cyclohexanonc-2-carboxylate 2 in presence 
of anhydrous Aluminium chloride and dry HC1 gas at 
-5°, to yield 5-(p-Methoxyphenyl)-2-Methyl-cvclo- 
hcxanone-2-carboxylate, (I), b.p. 204°-205°/5 nun. 


Hari Naravan Kiiastoir 
Bidyut Kamal Bhattacitaryya 

Chemical Engineering Department, 

College of Engineering & Technology, Bengal. 
7-6-1948. 

1 Mukherjee and Bhattaeharyva, Science and Culture, 12 , 

410, 1947. 

2 Mukherjee, ibid., H, 191, 1942. 

a Chatter jee, J. hid. Chem . Soc., 12 , 691, 1935. 
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J^KCKNTLY an important statement lias been 
issued through the A.P.I. on the creation of a 
new Department of Scientific Research under the 
Prime Minister (See p. 0(5). The announcement is 
brief, and raises many questions on the reorganisation 
of the existing machinery for scientific and indus- 
trial research and development through governmental 
and noil-governmental agencies, as affected In it. In 
some ways it implements a potion of the recommen- 
dations put forward bv Prof. A. V. Hill in his report 
on ‘Scientific Research in India’, lie visited this 
country in 1943 following an invitation from the 
Indian Government, and the above report was based 
upon his visit to most of the research centres and 
discussion with scientists and leading scientific bodies. 

In order to view the recent pronouncement in 
its proper prospective it is necessary to review the 
activities oi the Board o 1 Scientific and Industrial 
Research (B. S. I. R.) since its establishment in 1940 
and of the Council of SIR and its Governing Body 
which are functioning since 1942. At the time of pub- 
lication of Hill’s report, ‘Sciknck and Cti/it rk* had 
published a series of articles in Vol. X (1943), 
under the title, r Scientific Education and Rcscaich 
in Relation to National Welfare' . The work of the 
C.S.I.R. upto the end of 1947 has recently been re- 
viewed in an interesting report by Dr Bhatnagar, 
the Director of SIR, and in the present article it is 
our purpose also to discuss this report. We under- 
stand that the latter was compiled for the use of a 
Reviewing Committee, but we have no information 
on the terms of reference to this Committee, nor of 
the recommendations, if any, of the Reviewing Com- 
mittee on the report. 

In 1946, in the U. S. A., a committee of the 
President’s Scientific Research Board, with I)r Steel- 
man as Chairman, was requested by President Truman 
to report on the 

“Federal research program, on nou-Ftderal research 
development and -training facilities, and on the interrelation 
of Federal and non-Federal research and development.” 


The Report under the title of ‘Science and 
Public Policy’ has recently been published in five 
booklets, and contains recommendations for co- 
ordinating federal program for greater efficiency and 
°thcr recommendations for more effective use of 
national scientific resources. Some parts of this re- 
port provides a valuable background for the assess- 
ment of the administrative policy of our C.S.I.R. 
There are other portions of the Steelman report on 
Manpower lor Research’ which will be of much 
value in estimating the recommendation of our 
Scientific Manpower Committee, and wall be the 
object of a future article. 

The C.S.I.R. has been successively under the 
Departments of Industry, Supply, Planning and 
Research (now defunct), and after Independence, 
under the Ministry of Supply and Industries. If we 
have understood correctly the new’ Government 
circular, it now goes directly under one of the Prime 
Minister’s departments, viz., the newly created 
Department of Scientific Research. The two other 
parallel bodies viz. The Indian Council of Agricul- 
tural Research, and the Indian Research Fund Asso- 
ciation (Medical) remains under the Ministries of Food 
and Agriculture, and of Public Health. Kaeh of 
them possess, like the C.S.I.R., a registered Govern- 
ing Body with power to distribute funds received by 
them from Government and from other sources for 
specific purposes, which include the maintenance of 
certain institutions, laboratories and the support of 
research through non-Govern mental agencies. The 
activities of the Council of Scientific and Industrial 
Research will he considered in detail here. 

Administration : The activities of the Council are 
guided by two standing Advisory Boards, the Board 
of Scientific and Industrial Research and the Indus- 
trial Research Utilisation Committee, of which the 
former has mote important functions of an advisory 
nature viz., to tender advice on proposals :\ 

(1) for instituting specific researches, 
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(2) from scientific institutions including univer- 
sities and departments of such institutions, 
in the scientific study of pioblems affecting 
particular bade and industries, 

(3) for the establishment of research institutes, 
studentships, scholarships and 

(4) for specific studies and surveys of indigen- 
ous resources etc. 

The Board in discharging its responsibility for 
the “promotion, guidance and co-ordination of 
Scientific and Industrial Research in India, including 
the institution and financing of specific researches* * is 
assisted by Rescaich Committees, ol which there are 
about 24 at present. The research schemes from 
variolic scientific workers are scrutinized by the 
Research Committees and then forwarded with their 
recommendations to Board of S.I.R. The recommen- 
dations of this Board are placed before a Governing 
Body, in which the administration of the Council 
of S.I.R. is vested. The Governing Body takes 
decisions on matters of policy, recommends grants for 
various research schemes (with or without modifica- 
tions). The budget of the Council is subject to sanc- 
tion by the Government of India through the Ministry 
of Finance, One of the Research Committees ‘on the 
Utilisation of Atomic Energy*, was raised to the 
status of an independent Board directly under the 
Council of S.I.R,, iti 1047. 

Research Laboratories : As a first step to the 
realisation of another of the important aims of the 
Board viz., ‘the establishment, management, and 
maintenance of laboratories, workshops, institutes 
and organisations to further scientific and industrial 
research*, the laboratories and the staff of the Indus- 
trial Research Bureau at the Government Test House, 
Alipore, were placed under the Director SIR who set 
up his physical and chemical laboratories for 
war work. The were, since the entry of 
Japan into the war, removed to Delhi and housed 
in the buildings of the University. With the esta- 
blishment of the Council of SIR in March 1042, the 
Director in addition to his other duties became the 
Scientific Adviser to the Government of India. 
Gradually with the expansion of the activities of the 
Council, the work and responsibilities of the Director 
increased correspondingly. He has been relieved of 
direct charge of the Council Laboratories in Physics 
and Chemistry, which are now placed under two 
acting Directors. The handicap under which these 
laboratories had to work during the war has been re- 
ferred to in the report : 

“The initial equipment of these laboratories, originally 
planned for the Industrial Research Bureau as an experi- 
mental pleasure, was found to be very limited, and no 
substantial expansion could be effected during the war 
years, particularly since the Council took them over.* * 


These laboratories have done some useful war 
work, and their future relation to the contemplated 
National Laboratories is yet to be determined. 
During this time the desire to emulate other advanced 
countries by establishment of National Laboratories 
for applied research and standardisation grew insis- 
tent amongst scientists, and were taken up by the 
authorities. Tentative proposals and schemes, drawn 
up at the instigation of the C.vS.I.R., for five such 
National laboratories and Institutes viz . Chemical, 
Physical, Metallurgical Laboratories, Institute for 
Fuel Research, Glass and Ceramic Institute, were 
approved by the Government of India, and in 1044 
a capital grant of one crorc of rupees for the establish- 
ment of these institutes were made, to be taken up 
after the termination of the war. 

Evidently it was not realised then, what the post 
war conditions would be both in this country ami 
abroad, with its shortage of capital goods, machinery 
and scientific apparatus, and even of building mate- 
rials. Australian scientists were able to anticipate 
the coining of the war, and to realise the necessity 
for equipping their country with meteorological in- 
struments, so necessary for the successful starting of 
war industries. They were able to obtain from the 
Government a grant of about / v ,80,000/- with which 
the more important instruments were purchased and 
landed in Australia just before the war broke out. 
Under a wise national Government the plants started 
for manufacture of war materials in that country have 
resulted in the establishment of several important 
iron and steel industries. 

Our decision to start such laboratories came at 
a very unfavourable moment. Plans for these i no- 
posed laboratories, and also of the buildings to house 
them, have been drawn bv the different Planning 
Committees entrusted with this work, and founda- 
tion stones of several of them have been laid nearly 
a year and half ago. From this stage there has been 
a .stand still in the progress of building construction 
till very recently. Now the work ol construction has 
been taken up in earnest in several places. The 
appointment to the staff of the several laboratories 
were advertised nearly two years ago and some selec- 
tions, including those of two of the Directors, were 
made about a year and half ago. Most of the 
appointees have been requested to continue in their 
present jobs, pending the completion of the labora- 
tories. Probably it would have been wiser to start 
with less grandiose schemes. The possibility of start- 
ing some of the laboratories in temporary acco- 
modations, like those of the two Council laboratories 
in Delhi University buildings, could have been ex- 
plored. We understand that a suggestion was once 
mooted, that the National Physical Laboratories 
might be temporarily housed in some, of the Govern- 
ment Laboratories in Calcutta, like the Alipore Test 
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House, the Telegraph vStores Laboratory, the Mathe- 
matical Instrument Department and in the Bengal 
Engineering: College. Some of the considerations 
that were put forward against the selection of 
Calcutta as the head quarter of the NPL, now hold 
equally well in the case of Delhi. Since August 1947 
Delhi has became a frontier town, from which when- 
ever feasible important Government laboratories 
should be removed to more central places where 
scientific work could be carried out under quieter 
conditions. 

Wo think that ilie Prime Minister has done a 
service to the country by discouraging, the tendency 
for migration to Delhi on the part of scientific labora- 
tories and scientific surveys, in Iris address on the 
occasion of the Foundation-stone laying ceremony ol 
the National Institute of Sciences. We quite agree with 
him that the atmosphere of Delhi is not conducive 
to the growth of scientific research, ami the mistakes 
committed by the establishment ol certain national 
laboratories at Delhi should not be repeated. 

Finance .- —The main source of income of the 
C. S. I. R. is the Government grant, but there are 
other sources of income which may in future be 
augmented. In the Budget of the Council for 1947, 
the total receipts are estimated at Rs. 118' 62 lakhs, 
which includes Rs. 39 39 lakhs, the unspent balance 
from last year, a lump sum grant of Rs. 57 36 laklw 
(Rs. 30*00 lakhs non-recurring and ks. 27*36 lakhs 
recurring). The principal items of recurring expendi- 
ture include Rs. 5*02 lakhs for the Council’s labora- 
tories, Rs. 9*42 lakhs for grant in aid to Universities 
and institutes for research, Rs. one lakh towards the 
expenditure of tile various ad hoc Committees. Foi 
the various national laboratories provision has been 
made for a capital expenditure of Rs. 77*16 lakhs and 
of Rs. 5*51 lakhs for estimated recurring expenditure. 
It will be noticed that a total of Rs. 14*14 lakhs were 
spent for research in the Council’s Delhi laboratories, 
and in non-Government institutions. Considering that 
there are 24 Research Committees under the Board 
of SIR, the expenditure of Rs. 9*42 lakhs on the 
latter account cannot be considered at all excessive. 
In fact, we would consider the amount as rather 
meagre, and it .shows as nothing else does, that for 
some reason or other either, the Universities and 
other research institutes are not showing much 
enthusiasm in availing themselves of the grants 
offered by the C. S. I. R., or alternately the C. S. 
I. R. is unable to provide funds for them. In neither 
way, do the figures entitle the C. S. I. R. to much 
credit. / 

We have no knowledge as to how the Board of 
Research on Atomic Energy will function under the 
new Department of Scientific Research, and what 
plans*have been formulated for the work to be under- 


taken under this Board; whether it will take the shape 
of a centralised Government station provided with 
large grants, undertaking work of a nature similar 
to that carried out in Harwell, England, or at Clialk 
River, Canada. Alternately it may be decided that 
the time is not yet ripe for the starting of a central 
Government station for utilisation of Atomic Energy ; 
and for the present intensive work on the chemical, 
physical, metallurgical and engineering problems, 
associated with the construction of ail Atomic 
Reactor, mas be pursued 1>) means of grant in aid 
to different university laboratories, research institu- 
tions and even to industrial concerns. Some dupli- 
cations of grants for preliminary and pilot plant 
investigations ma> be encouraged at this stage. 
Depending on the nature of the work to be under- 
taken, the Board of Research on Atomic Energy may 
be constituted of a panel of whole time administrators 
with ail advisory and planning council, or a Govern- 
ing Body of experts, as it is now, which will dis- 
tribute funds allocated to it by the Government for 
carrying on of research by different bodies. 

Grant-in-aid — A certain amount of criticism has 
been evoked from recipients of grants from the C. S. 
I. R., at the delay that often elapses between the 
sending of a scheme to a Committee of Research and 
its final approval and sanction of grant by the 
Governing Body of the Council. It may take some- 
time two years, and by that tune tile interest in the 
scheme iff its originator may have damped down ; 
sometimes schemes finally sanctioned by the 
C. S. 1. R., may be after two \ cars’ of passing through 
this or that body, have still to wait for indefinite 
periods, because the C. S. I. R. is unable to got 
round the Ministry of Finance. Tin's difficulty has 
been felt rather acutely regarding schemes sent to 
the Atomic Research Committee and its successor the 
Board. Tt is reported that up till now the Board 
had no budget appropriation. If this is correct this 
should be soon remedied. In comparison to the impor- 
tance of the work, the fund spud on Atomic 
Research lias been very small so far. It has been 
estimated by Kowarski that for even dollar spent by 
U. S. A. on Atomic Research, Britain spends ten 
cents, and France spends juskotie cent flow much 
does India spend? | 

Some alternative method ought also to be found 
out for simplifying the procedure of submitting 
reports and accounts to the B. S. I. R. by individual 
recipients of grants. Two half yearly progress 
reports and one detailed application for renewal of 
grant, have to be sent each year. In * addition 
periodic statements of account and inventories for 
apparatus have to be submitted. At present no grant 
is made to the institutions to ('over the overhead 
expenditure for keeping of separate accounts of stock 
and for audit, and for maintenance charges. Estimates 
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o( such ovci bead expense?! l>y different grant in aid 
ImkIic^ in the U. S. A. have varied between *10 U» S 
pel rent o! the total grant. 

The mechanism oi distribution of research and 
developnient piogram of work amongst non-Govern- 
mental ageneus bv means of contracts, has been 
widely utilised m the U. vS. A. during the wai and 
there are proposals for continuing this procedure in 
the post war period also. Certain desirable modi- 
fications of the contractual procedure has been dis- 
cussed in the Steelman Report. 

“The key to a contract for research is the performance 
clause. In basic or fundamental tesearch a lorm is needed 
that will combine the maximum of freedom for the scientist 
with the necessary financial safeguard. O.R.S.I). developed 
a relatively simple provision : to conduct studies and experi- 
mental investigations in connection with a ke\ problem and 
make a final report of its conclusions to a committee by a 
specified date. The objective was stated in general terms 
and the clause was made deliberately llexible so that the 
contractor would not be hampered iti his method of work.” 

Some of the conclusions which have been arrived 
in this Report arc : Contract, for research and deve- 
lopment, should be utilised primarily for applied and 
development work and limited so far as possible to 
industrial research laboratories. This method is not 
suitable for support of basic or fundamental research, 
as the basic concept underlying contract is incon- 
sistent with the indeterminate character of basic or 
fundamental science. Research grants are best for 
this kind of work. They are of the nature of a gift 
made to individuals or institutions, whose compe- 
tence has been demonstrated for an investigation, 
whose outcome cannot be known precisely in advance. 
Under contracts it is more difficult, than it is under 
a research grant, to keep financial and progress 
lcport on a scale that will not interfere with the 
research itself. The burden of reporting, and the 
work involved in computing direct and indirect 
research costs has been perhaps the only major com- 
plaint made in connection with the research program 
of the Office of Naval Research. 

“Most projects cannot 1>c planned and executed in less 
than three to five years. This means that investigators 
must be reasonably assured of support over this period before* 
men, equipment and other facilities can be assembled. 
Federul grants are however typically limited to one year, 
because the Gove rumen Aslope ra 1 i on s arc based on a fiscal 
year basis. Congress ha# recognized the difficulties that 
this pattern creates in the research field, and has devised 
a method of reconciling the needs of research with the 
proper and necessary control over expenditure levels by 
the Congress. Thus funds obligated for research by the 
Office of Naval Research and the Atomic Energy Commis- 
sion remain available for expenditure five years aftei the 
appropriation has been made." 

The above quotations show that the difficulties 
which have been felt in carrying out small scale 
grant in aid of research from the B. S, I. R. on annual 
renewal basis, have also been experienced in carrying 
out the very large volume of non-Governmental re- 


search undertaken during the war and post wai periods 
in the U. S. A., and the methods which have been 
evolved to overcome such handicaps may with great 
advahtage be studied and adopted, with necessary 
vacations to suit the conditions prevalent in this 
country. 

The criticism of some of the di aw backs of the 
present system of grant in aids should not blind us 
from recognising the advantage which have accrued 
to Universities and institutions as are receiving 
such grants. The following extract from Steelman's 
rcpoits points out the advantages which have accrued 
to the Universities of U. S. A. from Government 
contracts. 

“Most of llu* (University) departments report tluit the 
influence of Government contract is stimulating. While some 
of the men who work on these contracts are lost to actual 
teaching, their participation in seminars, and the very pre- 
sence of these men in the departments is stimulating to the 
other stall members and particularly to the junior staff. 
As a matter of fact in many cases, research could not have 
been carried out except with the help of the Federal Govern- 
ment.” 

It is a matter of regret that so few of the Univer- 
sities and research institutions arc participating in the 
grant in aid research schemes. There has been an 
understandable tendency in all countries to distri- 
bute the research grants to a small number of Uni- 
versities and Institutes which are highly organized 
for such work. But it has certain undesirable conse- 
quences. It hampers the development of the smaller 
organisations by attracting the trained personnel to the 
larger institutions. “Research cannot flourish today 
if it is confined to a limited number of centers. It 
cannot enjoy the benefits of cross fertilization and in- 
tellectual ititercharge, unless conducted on a wide 
and open stage". Lastly for security reasons dis- 
persal all over the country of research centers, as of 
production centers, is desirable. 

It is the responsibility of the C.S.I.R. as well as 
of the University Grants Committee to encourage the 
different Universities and other institutions to submit 
schemes for grant-in-aid research. As wc had pointed 
out already, both bodies have so far failed to do this, 
as is clearly indicated by the meagre sums so far 
provided. 

Organization of Scientific Research — According 
to the recent announcement, a Department for Scienti- 
fic Research has been created under the Prime Minis- 
ter, and Dr. Bhatnagar has been appointed Secretary 
and Principal Iixecutive Officer. Further “this depart- 
ment will take over the work of the Board of Research 
on Atomic Knergy and the Council of Scientific and 
Industrial Research. The latter body although 
attached to the new department will retain its un- 
official character and continue to function as before". 
This announcement is characterised by vagueness and 
some inner inconsistency. Will the Council of S.I.R. 
still retain its function as a registered body, authorized 
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to distribute funds allocated to it from Government 
or other sources or will it function as a purely advisors 
body? Further does the statement imply that the 
Atomic Research Board will suffer a peaceful extinc- 
tion and its function be taken over by the newU 
created department ? 

How far have the recommendations contained m 
A. V. Hill’s report been implemented in the present 
announcement ? According to Hill it is “proposed that 
all the main six categories of scientific work affecting 
the welfare of the country (in addition to the pure 
academic research lying* at the back of each of them I 
viz., (1) Medicine and Public Health (2) Agriculture 
and Animal Husbandry (3) Industry (4) Surveys and 
National Resources (5) Engineering (6) Defence 
Services, must be brought under a single Central 
Organisation, which will function under the Hon ’hie 


Member (Minister) foi Planning and Development”. 
Ail essential part of Hill’s proposals is that there will 
be six research boards, which will have the power to 
distribute grants for specific purposes in its own 
field, to be* carried out by agreement by any institu- 
tion in India. The estimates foi each Board will he 
scrutinised by a Joint Estimates Committee before 
submission to the Finance Department, and after they 
have been approved, each Board will be free to spend 
the funds at its disposal without further application 
or argument. 

We* hope these unclarilied points will be resolved 
in a further communique from the Government. The 
decision to centralise research under the Prime Minis- 
ter is to be welcomed, but further clarification will be 
necessary before we arc in a position to understand 
the changes contemplated by the Government. 


ORGANISATION AND WORK OF THE 
CAVENDISH LABORATORY* 

LAWKKNVK BRAGG 


[The Cavendish Lahotatory , Cambridge , is the 
foremost institution in the United Kingdom jot highn 
training and research in Physics. Founded in 1S73, 
with a grant oj 17,000 jrom the Duke oi Devonshire, 
it had as its director ( Cavendish Professor oj Physics) 
such great Celebrities in Physics as Clerk Maxicell 
( 1773-1881 ), Lord Rayleigh (1881-1885), Sir J . J. 
Thomson (1885-1919), Lord Rulhetford ( 1919-1938 ), 
and Sir L. Bragg ( 1939- ). For over thiec gemma- 

tions, the Laboratory has trained bands of physicists, 
many oj whom have won undying fame as great dis- 
coverers, as teachers , leaders of thought, industrialists, 
and occupying high places in Government service. 

The laboratory has grown in size and activity, 
along with the growth of Physics and its application 
to industries, communications, arts and crafts . hi 
the following article which we reproduce horn 
NATURE, the present director , Sir Lawrence Jhagg , 
describes the present activities and organisation of 
the laboratory . We have no doubt that the article will 
prove extremely interesting to readers of Siknce and 
Culture and especially to those who are connected 
with the organisation and management of research 
institutions in our country. — Ed. Science and 
'Culture.] 

* From a course of three lectures delivered at the Royal 
Institution on March 4, 11 and 18, 1948. See Nature, April 
24, 1948, 161, p. 62). 


The Cavendish Laboratory is faced with pro- 
blems which are common to most scientific labora- 
tories in this post-war period, and arise from the 
great expansion in the numbers of undergraduate 
and graduate students. Part of this increase is a 
temporary phenomenon. Men are being released from 
the Forces who have missed the whole or part of their 
undergraduate tune at the university, and are return- 
ing to swell the classes. The increase in the first 
and second-year students at Cambridge is perhaps not 
as great as it G in other universities, because the 
undergraduate population is limited bv college 
accommodation ; in physics these clashes at present 
are some 50 per cent greater than they were before 
the War. The numbers in the final honours class, 
however, have almost trebled, because men returning 
from war-work for the most part Join this class, 
which now has about a hundred and twenty students. 
It will probably remain eou^dcrabiy higher than its 
] ire-war level, because the recommendations of the 
Barlow Report reflect the need of the* nation for more 
scientists, and demand is a eating a supply . The 
greatest increase of all is in the number of research 
students, and here the Laboratory is cnwvded to capa- 
city, if not overcrowded. Although all available 
j daces are used^ the number of those w ho apply for 
admission as research students is three or four times 
as great as the number which can be accepted each 
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year. More than a hundred and sixty researchers are 
now working in the Laboratory, of whom 110 are 
research students working for their Ph.I). degrees 
—between one-lifth and one-sixth of the total number 
registered for research degrees in Cambridge. 

This large increase implies a major change in the 
organisation of the Laboratory. The old days when 
the head of the department could be in close contact 
with all his research students arc a matter of the past. 
There would appear to be a limit in organisations of 
all kinds to the number of men whom any one head 
can direct by close personal contact, this number 
being about six. It applies in the direction of re- 
search as well, and devolving of responsibility is 
essential when numbers rise above this limit. liven 
before the War, numbers of researchers in the larger 
laboratories were approaching the fi~ level, and now 
they arc in the 6 a region. In other words, the organi- 
sation of tiie research work involves splitting up the 
men into large groups under leaders, and these again 
into smaller groups, so that the head of the depart- 
ment is too removed from the researcher himself. 
Except in a few special cases of work in which he is 
particularly interested, he cannot afford to spend that 
two or three-hour period every fortnight or so talking 
over his work with the individual, which is essential 
for real direction. 

The major groups in the Cavendish Laboratory 
are nuclear, radio, low-temperature physics, crystallo- 
graphy, metal physics and mathematical physics, 
with some minor groupings. It may be interesting 
to give some account of the extent to which these 
groups are independent, ami of the common ground 
on which they meet. The great foe of research is 
administrative responsibility. A nice adjustment has 
to be made between giving the heads of groups as 
mucin freedom as possible to make their plans for 
using their facilities to the best advantage, and at the 
same time relieving them of the more tiresome and 
mechanical details of administration which can be pro- 
perly centralized. In our organisation each group 
has its own allocation of the budget for the year, and 
its own order-book, so that apparatus and supplies 
can be bought within that budget ; each has its own 
staff of assistants and its workshop ; it has its own 
secretary for clerical work ; further, each group runs 
its own colloquium, where scientific papers from other 
laboratories are discussal and the researchers give 
reports of their progress. The days are past when 
most researches in a department were on closely re- 
lated lines and a joint colloquium was possible. A 
colloquium in one group or another is now an almost 
daily event, and no individual can spare the time to 
go to them all. Common touch is kept up by the 
fortnightly meetings of the Cavepdish Physical 
Society, where the heads of the groups give an 
account of the work going on in their sections, and 


distinguished visitors speak, and by more informal 
meetings of the leading researchers, such as the little 
club which was founded by Kapitza when he was 
head of the Moud Laboratory. 

The administrative burden of the teaching staff 
has been much lightened by the appointment by the 
University of a secretary to the Laboratory. This 
officer has in his charge finance, appointments of 
assistant staff and rates of pay, the formal work con- 
cerned with admissions, structural alterations and up- 
keep of the buildings, preparation of agenda for meet- 
ings, and other matters of this kind. 

A main workshop serves all sections of the 
Laboratory, where work requiring special tools and 
skills is carried out ; glass-blowing is also centralized. 
There is also a separate central workshop where re- 
search students can use the machine tools, where the 
young assistants are trained, and where repairs to 
class-apparatus are carried out. In addition, two 
special centres deserve mention. It has been found 
convenient to have a ‘special techniques* workshop 
where the most highly skilled and delicate work of 
especial kinds is carried out, and to place this work- 
shop in charge of a member of the staff. Jt is largely 
concerned with the construction and sealing of Geiger 
counters, and the purification of the gases with which 
they are filled. Special thermionic devices are made 
there, and evacuated, baked and sealed. It manu- 
factures delicate metal parts by a photographic 
technique, such as supports for thin-walled windows, 
makes special metal-to-glass or metal-to-silica joints, 
and has apparatus for preparing thin metal films by 
evaporation. The other centre, also in charge of a 
member of the staff, constructs and maintains elec- 
tronic equipment of all kinds, such as decimal scalars 
and multiple coincidence circuits, or pulse and I).,C\ 
amplifiers for nuclear work. The capital value of the 
electronic equipment of this kind approaches five 
figures, and it is a saving of time and money to place 
it in charge of an expert. 

The largest group in the Laboratory is the 
nuclear physics groups, under Prof. O. R. Frisch and 
Mr E. S. Shire, with some forty researchers. The 
Cambridge equipment includes the one-million and 
two-million volt sets in the high-tension laboratory, 
and a cyclotron with 37 in. pole-pieces. A five million 
volt Van de Graaff generator is being built for the 
Laboratory by the English Electric Company, and it 
is hoped to get it running by the end of 1948. The 
maintenance of these large and complex units intro- 
duces problems of a new scale in a physics lobar atory. 

It creates the need for a new type of staff member, 
the ‘technical officer*. He must be a trained physicist, 
in general a university graduate, but a man who has * 
the engineers outlook and who is interested in the 
construction and functioning of the apparatus rather 
than in the research which is done with it. * 
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The radio group represents the continuation in 
the Laboratory of the work which Sir Edward 
Appleton started when he occupied the Jacksonian 
chair at Cambridge ; it is now under the direction of 
Mr J„ A. Ratcliff e. It has field stations as well as 
its section of the main Laboratory. The work on pro- 
pagation is mainly concerned with the longer wave- 
lengths which are reflected below the E. layer. 
Another section is making measurements of the waves 
in the metre wave-length region coining from the sun, 
recording their intensity and propagation and estimat- 
ing the size of the source from which they come by 
a method analogous to MichelsotRs method of measur- 
ing the angular diameter of a star. 

The Mond Laboratory is now under the direction 
of I)r D. Shoenberg, its former bead, Dr J. F. Allen, 
having been recently appointed to St. Andrews. A 
main interest is the properties of superconductors, in 
particular the penetration of magnetic fields into 
superconductor^. It has equipment for the magnetic 
method of cooling. Liquid helium is at present made 
by Kapitza\s expansion machine ; but a new* machine 
of greater capacity and more orthodox type is under 
construction. 

In crystallography, under Dr W. II. Taylor, the 
arrangement of atoms in minerals, alloys, organic 
compounds and proteins is being studied. The section 
studying proteins under Dr M. P. Pernt/ and J. C. 
Kendrew has this year been accorded the backing ot 
the Medical Research Council. The elucidation of 
the structure of such enormous and complex mole* 
cities is the most ambitious problem as yet tackled by 
X-ray analysis, and success would cast a flood of light 
on the structure <>f living matter. 

The metal physics section, under Dr K. Orowan, 
is concerned with problems of slip and plasticity, 
fracture, crystal growth, and metallic phenomena in 
general investigated by physical methods. 

The Laboratory houses an electron microscope 
service which is used by all departments of the Univer- 


sity. It provides hospitality for several researchers 
from other departments. Particularly welcome guests 
are the mathematical physicists, including the 
Plummer professor, I). R. Hartree, who have rooms 
in the Laboratory. 

It may be of interest to assess in round figures 
the cost of research in the Cavendish Laboratory. 
Tlie figures must be approximate, since many of the 
services arc common to teaching and research. As 
an example, in the follow ing estimate the time of the 
University staff is regarded as divided equally, 
between teaching and research, and its cost appor- 
tioned accordingly. Making similar adjustments for 
administrations, assistant staff, stores and apparatus 
(almost entirely research) and so forth, the total ex- 
penditure on research in the Laboratory (including 
the Mond) was just short of £60.000 in 1946-47, of 
which 1 10,000 came from outside sources. To this 
must be added a sum to represent the rental of the 
buildings, which does not appear in the estimates. 
In estimating the cost per research student, the 
abnormal position of nuclear research must be taken 
into account. Not only are the running expenses 
above the average, but also units such as the cyclo- 
tron represent a large outlay of capital, and special 
grants are made bv the Department of Scientific and 
Industrial Research to meet needs which the Univer- 
sity cannot finance from its own resources. Such 
requirements vary very greatly from year to year, 
and I have therefore only included a sum for nuclear 
research which corresponds to the expenditure per 
researcher in other branches of physics, and which 
roughly represents the contribution which the 
University itself makes towards the cost of the 
unclear research. On this basis, the cost per research 
student is £400 a year. If to this is added £350 to 
represent the average maintenance grant of junior 
and senior workers, the total cost to the State of 
maintaining a research worker in the Cavendish 
Laboratory is £750 a year. 
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PLANT QUARANTINE* 
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Principles op Plant Quarantine 

13 PANT diseases and insect pests have often been 

limiting factors in crop production. Not only 
that, cases are on record where particular diseases 
or pests have solely been responsible for abandon- 
ment of production or virtual extermination of some 
important crops fiom certain parts of the world. 
Such depredation^ have been caused by fungal or 
bacterial organisms that travelled from one part to 
the other of the same country or even from a different 
continent before they were able to start their 
nefarious activities of crop destruction in the new 
habitats. And plant quarantine has been one of the 
recent means [employed in combating as well as 
preventing such depredations especially in such cases 
where the disease pathogens or the insect pests must 
spread to new environment in a foreign country or 
to another part of the same country before they 
could attack their susceptible hosts. 

Plant Quarantine Defined 

The most accepted and comprehensive definition 
of plant quarantine has been the one given by the 
National Plant Hoard of U. S. A. in 1932 which runs 
as follows : 

“A quarantine is a restriction, imposed by duly con- 
stituted authorities, whereby the production, movement or 
existence of plants and plant products, animals and animal 
products, or any other article or material, or the normal 
activity of persons, is brought under regulation, in order 
that the introduction or spread of a pesf may Ik.* prevented 
or limited, or in order that a post already introduced may 
btf controlled or eradicated, thereby reducing or avoiding 
looses that would otherwise occur through damage done by 
the pest or through a continuing cost of control measures. ** 

The above definition comprises both plant and 
animal quarantines, and the same set of basic princi- 
ples hold good for either ease. This article will, 
however, confine its attention to quarantine activities 
in relation to plants and plant products. 


* Much of the information contained in this article is 
gathered from the publications of the various State Agricul- 
tural Kxperiment Stations, Bureau of Plant Industry and 
especially of the Bureau of Entomology and Plant Quaran- 
tine, I T . S. Department of Agriculture. 

Most of the examples cited have, of necessity . been 
from the field of American agriculture; V. S. A. having so 
far the most clatxrrale Plant Quarantine set-up, fuller in- 
formation was available from that source. 


Imposes Restrictions on Human Activities 

A further analysis of the above definition will 
show that quarantine is a legal restriction or restric- 
tions imposed and enforced by the government of a 
country on the movement of plants, plant parts, or 
unprocessed plant products with the aim thereby of 
preventing or delaying the establishment of new* 
diseases or pests in new areas, where they are not 
know’ll to have occurred before, or if already estab- 
lished within recent years in a new situation to effect 
or aid in the extermination or eradication of such 
pests or diseases. 

Plant quarantine therefore shows at least one 
difference from the customary disease and pests con- 
trol operations, which arc voluntarily carried by 
farmers on their own initiative for achieving more 
monetary gains by cutting off or putting down losses 
from diseases or pests ; the farmer is at the same 
time free, if he so chooses, to allow the pest or 
disease to run rampant over his crops. But plant 
quarantine activities are regulated and enforced by 
government agencies of a country and are to be 
observed, when and where in force, as compulsory 
measures by farmers, nurserymen, orchardists, 
florists, or anyone who deals, handles in any way 
plants, or plant parts, or plant products in question 
for common benefit of the entire community over a 
prescribed area. The jurisdiction of such an area 
may he limited to that of an union, a police station, 
a district, a province, or it might comprise the whole 
country. Quarantine activities have therefore the 
aim of serving the greater interest of a nation at large 
as a whole than one of benefiting only a few’ or a 
particular interest. 

This restriction or prohibition in movement may 
involve only a single plant or only a certain part of a 
plant or its yield throughout all the months of a period 
of years or only during a particular season of the year 
depending upon the nature of the pests and diseases, 
which the plant or plant parts in question carry or are 
susceptible to infection and attack. Such plant or 
plant parts are not allowed to move out of the quaran- 
tined area into uninfested territories in the reasonable 
apprehension that the diseases or pests might be 
carried to and subsequently established there along 
with the plants. Tn the causation of a disease two 
organisms are involved ; the plant as a host and 
tlie insect, fungus or bacterium as a parasite. Similar 



August, 1948 


PLANT QUARANTINE 


49 


restrictions therefore, it goes without saying, are 
operative on the movement of living plant pathogen* 
and pests. 

In the case of foreign plants, plant parts, etc., 
plant pathogenic organisms, and pests, quarantine 
operations arc directed against the entry of such 
diseased or infested materials as well as the live patho- 
gens and pests into the territory of the country enact- 
ing quarantine laws. 

Justification for such Restrictions 

Now, the question comes up whether such res- 
trictions on the rights, liberties, and activities of the 
people of a democratic society are justifiable. The 
operation of a quarantine act may snatch away the 
liberties of connoisseur of orchids of collecting orchid 
bulbs from all corners of the world because such 
bulbs might harbor inside them germs of diseases or 
pests, which when introduced might destroy the culti- 
vation of indigenous orchids or establish on alternate 
host species, which use cultivated as major crops and 
thus cause in the long run, much economic loss. More 
seriously, it may restrict the operation of a bonafide 
trader, who wishes to import, because of cheaper rate, 
plant commodities from certain localities known to 
harbor a pest or disease, and sell it for higher profit 
in another place. Unless restricted by quarantine, 
such operations will in all probability bring the disease 
or the pest too into the new territory. Sometimes the 
imposition of a quarantine against the movement out 
of a restricted area of a particular crop in view of its 
infestation by a pest or disease might cause loss to a 
group of growers because of the curtailment of the 
usual outside markets, where such produces were sold 
in previous years. The consumers as well might be 
inconvenienced due to their inability to buy such 
commodities at the* price and from the sources they 
were so long used to. 

But if such quarantines are effieatious as they 
have often proved to be, and as will be evident here-’ 
inafter, in excluding destructive pests and diseases, 
the ultimate effect will be more abundant production 
or production of better quality of yield with the 
consequent lowering of prices due to more and better 
production. Such produce will soon sell at cheaper 
price benefiting the consumer who will now be com- 
pensated by the quality and the price of his purchase 
for his undergoing inconvenience in the past ; while 
farmers will be awarded with the assurance of freedom 
from fear of sudden outbreaks of such pests or 
diseases, reaping a good harvest and saving by way 
of less operational cost of sprays, etc, to protect his 
crops from the clutches of such exotic pests and 
diseases. 

Thus temporary inconveniences or monetary 
losses Jaused by quarantine activities are repaid many 
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fold in premium in the long run in the form of 
increased production, better quality of the produce, 
low cost of production and in the continued assurance 
against suddenly becoming a prey to a newly intro- 
duced pest or disease. 

To bring this point more finiil> T to home a few 
well known cases will be mentioned hereinbelovv to 
prove conclusively how devastative the introduction 
of foreign diseases or pests may prove to be in a 
country but which, earlier enactment and enforcement 
of quarantine might probabh' have altogether pre- 
vented such introductions and thus avoided the devas- 
tative sequence on the crops in question. 

Reality of Dtskask and Pest Introductions 
and Establishment 

It may be argued that introduction of a foreign 
pest or pathogen may not necessarily result in the 
establishment of the pest or disease. But nobody can 
definitely sa\ r it will not establish itself in the new 
territory when it is introduced. The usual scientific 
method would have been to bring in the pest or 
pathogen in question, let it loose and allow it to feed 
or grow as it may in fields and orchards for a reason- 
aide length of time, and then ascertain its destructive 
capacity from actual performances. But it is a highly 
risky step and none with any sense of judgement will 
ever advocate such trials. So the only wa> T to ascer- 
tain its probable performance, if introduced, will 
be from the comparative study of its habits, life 
history, and activities in its natural home and then 
drawing reasonable conclusions as to its probable per- 
formance if ever it gets introduced. But even such 
justifiable inferences as to its behavior m a new terri- 
tory has not always proved to be true. Many cases 
are on record where it has performed differently. 
Powdcrj' scab of potato (Sfwngospora subtenanca) so 
serious elsewhere that its introduction into the U.S.A. 
w as viewed with great apprehension until it was found 
already established and usually unimportant. But 
others like chestnut blight (Endothia parasitica ), 
citrus canker {Pseudomonas ciiri) not much feared 
in their natural homes in the Far Hast, have proved 
immensely devastative* when introduced into the 
United States. While cases like white-pine blister 
rust ( Cronaitium rabicola) and Dutch elm disease 
(CerctlosiomcUa ulmi) known to be destructive in their 
natural European habits are performing faithfully 
their missions in North America since their introduc- 
tion. Botrvtis blight disease introduced into Florida 
on consignments of castor oil seeds from India during 
World War I virtually affected the subsequent culti- 
vation of castor beans in that State. Asparagus rust, 
like chestnut blight or citrus eankei, little cared for 
in its natural home in Europe, is another case in the 
varying field of biology which created greater havoc 
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in the first few years after its introduction over the 
whole of the United States and virtually destroyed 
the asparagus industry ; but soon through breeding 
and propagation of resistant varieties further losses 
were cheeked and is at present of little economic signi- 
ficance in asparagus cultivation. Other introduced 
diseases of economic significance in the United States 
have been potato wart ( Synchytrium endobioticum ), 
popular canker (Dothichiza populca ), alfalfa leaf rust 
(Uromyccs striatus ), alfalfa leaf spot (Pyrcnopcziza 
medic agin is ), bean anthracnose (Collctohichum lindc- 
muthianum) , blue mold or downy mildew of tobacco 
(Pcronospora iabacina ), black -leg of crucifers (P horn a 
Ungam), red stele disease* of strawberry (Phytophthcna 
Iragariae), flag smut of wheat (Vrocyslis triiici ), 
bacterial ring rot of potato (Phyiomonas sepcdonica ), 

The above, though not a complete list, have just 
been the introductions since 1900, and many of them 
after the enactment and enforcement of quarantines. 
As late as 1941 and 1943 potato parasites, viz., golden 
nematode (Hcterodcra rostochiensis ) of potato in Long 
Island,, New York State, and potato rot nematode 
(Ditylenchus destructor) at Aberdeen, Idaho, have 
respectively been found established over limited areas 
at those places. Both of these two nematodes have 
long been known to be indigenous to certain European 
countries, but how they could get over and establish 
at such isolated localities is not as yet precisely known. 

It has been estimated by workers of the United 
vStates Department of Agriculture that about two 
hundred of the known diseases of that country have 
been introduced at one time or another from some one 
or another of the foreign countries. 

It shall now be apparent that, if in spite of the 
elaborate arrangement of enforcement of quarantine a 
score of diseases could get in aud establish foot-hold, 
what would have happened had there been no quaran- 
tines. Control, extermination and eradication, even 
when possible but often not possible, of a single 
disease, as will be seen later, is expensive enough. 
So prevention of introductions, as far as possible, 
through quarantine actions is the only best way 
available. 

In the field of entomology some of the noted intro- 
duction of pests, responsible for losses of great magni- 
tude, may be enumerated as follows : cottony cushion 
scale ( Iccrya purchasi ), Japanese beetle (PopiUia japo - 
wf'ca), alfalfa weevil (Hyper a postical ), European corn- 
borer (Pyraitsta nubilalis ), the gypsy moth (Porthetria 
dispar ), the brown-tail moth (Euproctis chrysorrhoca ), 
the Mexican fruitfly (Anastrepha ludens ), the oriental 
fruit moth (Grapholitha molcsta ), the satin moth 
(Stilponiia salicis ), the pink boll-worm ( Plectinophora 
gossypiella), the cotton boll-weevil (Anthonomus 
grandis), white fringed bettle (Naupactus leucoloma). 

, At the same tinfe records of the performance of 
indigenous North American diseases and pests have 


not been altogether nuimpeachable upon the agri- 
culture of some of the European States. Phylloxera 
of vine (\ r itis vinifera), almost completely wiped 
away vine cultivation in France and jeopardized the 
wine industry ; downy mildew ( Plasmopara vilicola) 
and black rot (Guignardia bidwcllii) — two diseases of 
grape vines of minor significance as Phylloxera in the 
United Stales — followed Phylloxera pest to add to 
the damage* already caused there by Phylloxera in 
subsequent years. Wooly aphid (Eriosoma lani- 
gcrutn ), distributed from its original home /in 
Eastern U.S.A., has been of considerable concern to 
the orchardists of the different continents. 

Many more await to Enter 

The above lists of pests and diseases does not in 
itself give a true picture of the whole situation. They 
were only the few lucky ones that enter and establish 
in that country. But there are many hundreds more 
of these pests and diseases that are seeking every 
opportunity to enter into the mainland by way of 
imported seeds, nursery stocks, agricultural commo- 
dities, packing materials, etc. Many of these awaiting 
their opportunity to get in have behind them a record 
of unprecedented damage in their countries of origin ; 
many others, as could be seen from comparative study 
of biological and ecological conditions of their natural 
habitats, will likely to prove more destructive than 
they had been in their natural habitats, while there 
are many among these whose probable performance 
in a new territory cannot be definitely predicted, 
liven if their performance be no worse than in their 
countries of origin, their introduction will prove 
burdensome to the farmers. Because of the special 
and competitive nature of agricultural and a strict 
grading of produce, a simple pimple on an apple 
will degrade the quality of the produce and therefore 
w ill bring the grower much less in sale value or even 
may run him into losses. 

The annual reports of the United States Depart- 
ment of Agriculture for the fiscal year of 1946 give 
the following figures of interception of prohibited and 
restricted plant materials trying to get into that 
country from foreign countries, “in baggages, 
73,214 ; in cargo, 410 ; in mail, 3,648 ; in ships’ 
quarters, 9,031; in stores, 11,498; total 97,801.” 
While actual interception figures for insects and 
diseases for the same year are given as follows: “In 
materials offered for entry for consumption, 25,209 
insects and 13,949 diseases ; in materials offered for 
entry for propogation, 10,630 insects and 2,737 
diseases ; in materials not offered for entry, such as 
in-transit shipments and materials in ships’ stores, 
stewards* quarters, etc., 3,854 insects and 1,&24 
diseases ; total 39,639 insects and 18,610 diseases.** 
(These figures represent numbers of individual inter- 
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ceptions and the same pests or pathogens may be 
involved over and over again. But the number of 
individual species of pests or pathogens run into 
several hundreds). 

Introduced Pests and Diseases Dkvastativk 

It is often difficult, well-nigh impossible, to 
estimate accurately the loss in terms of money value 
due to a particular disease or pest introduced. But it 
will be easily evident that each new disease in a 
crop will put additional burdens upon the farmers 
through increased cost of control measures to keep 
down damage, the percentage of loss suffered despite 
control measures applied, the deterioration in the 
quality of the produce, etc. This extra cost of safe- 
guarding the crops bvill continue for many years till 
the introduced disease or pest can, if ever, be com- 
pletely eradicated or new resistant varieties are 
obtained. 

Attention will now be paid to a few cases about 
which more detailed information is available. The 
first example that spontaneously crops up is the case 
of chestnut blight, a disease indigenous to China and 
Japan. This disease was first noticed in the New 
Zoological Park in 1904, and by 1908 the disease 
spread with alarming rapidity over hundreds of miles 
from Massachusetts to Virginia, and by 1914 the 
process of spread was completed by which time it 
wiped out all stands of chestnut trees — trees which 
used to supply very valuable timber with the addi- 
tional attributes of producers of delicious nuts and 
valued further as nice shade trees. The loss incurred 
through the virtual elimination of eastern chestnut 
stands has been computed at above 33 erores of rupees 
( — $100 million dollars) ; to this must be added the 
several millions of dollars spent unsuccessfully in 
efforts to combat the scourge by w av of direct control 
measures and the money that is .still being spent in 
research for breeding resistant varieties. 

White-pine blister rust attacking white and other 
five-needled pines has been one of European scourges 
introduced into Eastern United States of America 
in nursery stocks imported from Germany in several 
shipments between 1898 and 1908. And during the 
course of the next few' years, it spread over the pine 
areas covered by the New 7 England States in the 
North, Minnesota in the West, and Virginia in the 
South. The disease similarly got introduced in Van- 
couver, British Columbia, in wliite-pine seedlings 
from France in 1910. By 1921 it spread down to 
Washington, and by 1930 into Oregon, North Cali- 
fornia, Idaho, and partly into the Montana State. 

Vigorous programme of the eradication of currants 
and gooseberries (Ribes nigrum, R. petiolarc , R. 
tfiermis, etc.) which serve as alternate hosts for the 


white-pine blister rust fungus and which are essential 
for the survival as well as spread into pine stands of 
this blister rust. Since 1916, more than 15 erores of 
rupees ($45 million) have* already ben spent for the 
eradication campaign with appreciable results ; and 
how many millions more will have to be spent before 
the scourge can be completely suppressed nobody 
can guess. To these figures must be added the loss 
of the potential value of tile millions of once promis- 
ing seedlings, which would, in due course, have 
turned into valuable timber as well as the mature 
plants killed by the blister rust. The blister rust 
is unusually destructive as it can attack with equal 
ease, seedling as well as mature stands of white-pines. 

Citrus Canker (Bacterium citri) was introduced 
into Monticello, Florida, towards the end of 1912, in 
nursery stocks of Poncuus trijoliate imported from 
Japan. Soon the* canker pathogen established into 
commercial citrus orchards and spread widely over 
wide areas of the* Gulf Coast, viz., Alabama, Georgia, 
Louisiana, Mississippi, South Carolina and Texas. 
Control and eradication programme in a gigantic 
scale was set into force in 1915 and continued till 
June 1944, before the last trace of the bacterial canker 
was completely eradicated from the entire area. This 
has been one of the very few heartening examples 
where complete eradication of a disease over such 
a vast area has ever been possible. To achieve this 
lias been a costly affair on the purse of the States and 
Federal (United States) exchequers. Over a total 
of 4 erores of rupees ($13 million) have had to be 
spent and several times that sum lost in the value of 
19,500,000 commercial nursery and orchard citrus 
trees that had to lie destroyed as well as nearly 
28,000,000 non-commercial citrus host trees had to 
be wiped out before the desired end was reached. 

Pink boll worm (Pcctinophom gossypiclla), which 
claims the notoriety of being one of the six most 
destructive insect pests of the world, is one example 
in the field of entomology where eradication campaign 
against an intruder has been almost as equally suc- 
cessful as in the case of citrus canker just mentioned. 
The pest was first observed in the United States late 
in 1917 at Hearvc and Beaumont in the State of 
Texas, in the vicinity of oil mills that received cotton 
seeds for crushing from Mexico. The infestation was 
found spread over a radius of twelve to fifteen miles. 
By very prompt and intensive actions by the Texas 
and the United States Departments of Agriculture, 
with a total appropriation of more than 30 lakhs of 
rupees (-$900,000) by the State and the Federal 
Governments, that the pest was completely eradicated 
before the 1918 growing season, which showed not a 
single pink boll worm. 

Localized and isolated pink boll worm infected 
areas were later discovered in Louisiana, New Mexico, 
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Aiizona and Western Texas. Scouting has eradicated 
the pest completely from Louisiana ( and several spots 
of the other States ; but localized areas of infestation 
still exist under quarantine cordon in Western Texas, 
and parts of Arizona and New Mexico. 

Cotton-boll weevil (Anlhonomus gntndis) has 
probably caused the heaviest damage to American 
agriculture among all of the introduced or indigenous 
pests. The cotton-boll weevil, a native of Central 
America, entered into the United States mainland 
, through Mexico, and was first seen in the Southern 
end of Texas in 1892. Since then it spread north 
and eastward at an average rate of more than 20,000 
square miles of new area in each of the first 35 years, 
and now occupies practically all the principal cotton- 
growing areas of the United States. Reliable esti- 
mates lix the current annual loss at 20 to 40% of 
normal production or, in other words, 3,000,000 to 
5,000,000 bales of cotton representing a sum of 33 to 
06 erures of rupees (- $100 to 200 million) computed 
at pre-war price-index in the value of cotton lint lost. 
The total loss up to date inflicted upon the cotton 
interests of the United States by this pest alone can 
be conservatively calculated to be over $5,000,000,000 
(or 2000 crores in Indian money). 

Besides such direct colossal losses, there have 
been additional losses due to the abondonment of 
cotton cultivation, depreciation of land values, closing 
down of cotton gins and oil mills, interruption of 
railroad and merchandise business, etc. One autho- 
rity estimates that each American pays 30 rupees a 
year more for his cotton goods than he would other- 
wise have paid if there were no introduction of this 
exotic cotton-boll pest. 

Control and eradication campaigns have always 
been costly. Potato wart (Synchytrium cndobioticum) 
was carried into the United States in 1911 and 1912, 
just before the Federal quarantine came into opera- 
tion, in several shiploads of potatoes imported from 
Europe. The wart disease soon established its hold 
over limited areas in the contiguous States of Pennsyl- 
vania, Maryland and West Virginia. Since its detec- 
tion, about 20 lakhs of rupees ($0'6 million dollars) 
have been spent to keep it from spreading and in 
eradicating it where possible. 

The recent discoveries of the establishment of 
golden nematode of potato ( Hvtctodcra roslochicnsis) 
in Naussau County, Long Island, New York State, 
in 1941, and of potato rot nematode (DUylenchus 
dcsttuctoi) at Aberdeen, Idaho, in 1943, are since 
causing expenditure of several hundred thousands of 
dollars for eradication and control campaigns which 
are yet to prove effective. 

The picture of havoc caused by introduced pests 
and diseases would not be complete without reference 
to the Phylloxera of vines. To make a long story 


short, Phylloxera ( P . valtatrix ) , since its introduction 
into France from America about the year 1880, had 
wiped out within the next 25 years, 2,500,000 acres 
of prized vineyards, and at its worst caused an annual 
loss in wine production of the value of 150,000,000 
francs over a period of several years. 

Somk Viewpoints on Quarantine 

We have seen hereinbefore how much destructive 
the introduction of foreign pests and diseases may 
prove to be. But still the enactment of quarantines 
and their enforcement in early 1910’s did not pass, 
as possible many other beneficial public laws, without 
enough of unfavourable criticisms. Many of those 
criticisms have by now proved to have been based not 
on biological facts as they have expressed themselves 
to be in the investigations in the decades following ; 
some were based on mis-apprehension on the too much 
( possibility of hampering normal trade activities out- 
weighing the possible benefit resulting from quaran- 
tine enforcement ; many others have now no ^ more 
value, except possibly a historical one, to show 7 the 
rise and growth and development of human thoughts 
in the adoption and application of legislative measures 
in controlling, or preventing introduction from 
foreign countries, or against spread from one part 
of the same country to another of plant diseases and 
pests. Even workers in plant sciences questioned in 
those days the biological soundness of quarantine 
principles maintaining that diseases and pesis are 
constantly under urge of powerful natural forces of 
dispersal to maintain their existence and wondered 
if this biological tendency of dispersal could at all be 
prevented or appreciably delayed with reasonable 
amount of human efforts. That they can be delayed 
by human efforts will be proved from several cases on 
record where pests or diseases, whose natural rate 
of spread have been curtailed and ultimately 
eliminated through eradication programme. That a 
few r diseases and pests have avoided quarantine 
measures, got in and later established themselves are 
know n and have been mentioned earlier ; but just 
pause a while to think what a calamity will befall if 
only one pest or disease in a thousand or even ten 
thousand that knock for entrance but are intercepted 
by quarantine workers at the ports, got established 
into the mainland each year. All of these prospective 
intruders may not have the potentiality of a chestnut 
blight or a cotton -boll weevil but only a very few r 
of that type will be too much for any country of the 
world to cope with. 

Another criticism that was and is often heard, 
and is still in the minds of many others, is that the 
power of plant quarantine laws in the hands of 
interested persons or politicians might be used in 
excluding commercial plant commodities from another 
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country, or even from another province of the same 
country in the case of inter-provincial quarantine- - 
thereby benefiting the local producers but at the same 
time causing hardship to many more consumer — 
public, who are now to pay more for home grown 
articles. Fortunately however, no country has so 
far passed any quarantine except on the* imperative 
necessity on biological grounds to secure any trade 
advantage under the disguise of quarantine. But the 
possibility of such dishonest application remains. The 
only deterrent being that the country thus discrimi- 
nated will not take it lying down and will try to 
retaliate similarly. 

Guard Against Misusk : Biological 
Principles F cumulated 

To guard against any misuse ou filnisy grounds 
or discriminative application against any part of the 
same or another country on political grounds tlu* 
National Plant Board of the United Stales has in 
1932 formulated a fine set of fundamental prerequi- 
sites— -worthy of being followed by all countries— 
based strictly on biological and economical principles, 
which must be fulfilled by each and every case before 
a particular quarantine should be enacted. They are 
as follows : 

1. “The pest (or disease) concerned must be of 


such a nature as to offer actual or expected threat to 
substantial interests, 

2. “The proposed quarantine must represent a 
necessary or desirable measure for which no other 
substitute, involving less interference with normal 
activities, is available, 

3. “The object of the quarantine, either for pre- 
venting introduction or for limiting spread, must be 
reasonable of expectation, 

4. “The economic gains expected must out- 
weigh the cost oi administration and the interference 
with normal activities.* * 

The above are self-explanatory and need little 
further elucidation. They state that no quarantine 
should be invoked unless the pest or disease presents 
real or potential threat not to a few but many sub- 
stantial interests ; that if some other measure is known 
which is presumably as effective but which is less 
costly or less interfering with normal activities or 
business then such a measure should be adopted and 
not quarantine. That quarantine should not be ap- 
plied in cases where the objective cannot be reason- 
ably expected to be achieved so far as can be judged 
about the actual or probable behaviours of the disease 
or pest in question. Quarantine operation, to be 
worthy of enforcement, should cost less -than the* eco- 
nomic losses the disease or pest might occasion. 


KOSI— THE PROBLEM RIVER 
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XZ'AUSHIKI — popularly known as Kosi has shot up 
in the picture. One of the highest dams ever 
constructed is likely to be raised across it and the 
poverty stricken Northern Bihar will be converted 
into a land of plenty. We intend to present before 
our readers a picture of the* story in the following 
lines. 

The Kosi is the third largest of the Himalayan 
rivers. The vSun Kosi flowing from the foot hills of 
Gourisankar, the Arun emerging from the snow fields 
of the Everest and the Tamur coming from the slopes 
of the Kanchanjangha combine near Barahakslictra 
and the resultant stream assumes the name of 
Kaushiki — popularly known as Kosi. It finally 
emerges on the plains in Bihar near Chatra and flows 
south to meet the Ganges in a number of split 
channels. The total length of the river is 369 miles 
of which the plains tract is 109 miles. 


The Problem 

Like the Mahanadi and the Damodar, the Kosi 
too has been causing devastating floods year after 
year. As in the cases of the Damodar and the Maha- 
nadi, the catchment of the Kosi also comprises a hilly 
tract and a plain tract. The upper catchment in the 
Himalayan slopes in Nepal is almost unpopulated and 
therefore there* is no damage in this part due to floods 
etc. But the lower catchment in the plains in Bihar is 
comparatively densely populated (800 people to the 
square mile) and here the effects of the floods and the 
attendant maladies are felt most seriously. We quote 
below a portion of the account prepared by the Kosi 
Sufferers* Conference* as presented by Sri Harinatlui 
Misra, M.A., M.L.A., to give a rough idea of the 
extent of havoc caused by the Kosi : — 

“We do not know whether or not the Govern- 
ment or any other body have eared to collect relevant 
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data about the havoc wrought by the Kosi in its 
present belt in various spheres. If they have not, as 
we think is the case, that only shows' 'their indifference 
and callousness to the miseries of the people. For, 
knowledge of the magnitude of a problem is clearly 
the essential preliminary to the devising of ways and 
means of meeting it and solving it. Some three years 
back, our Committee, however, carried out investiga- 
tions into these fields and, on the basis of random 
sampling, arrived at certain results. Presently we 
shall give* the same. But lest we may be misunder- 
stood, a word of caution i* necessary. We have had 
to work under many formidable handicaps, financial 
difficulties not being the least among them, and it is 
only natural that our conclusions may not be without 
mistake. With this proviso, we beg to place our 
conclusions as given below : — 

(1) Financial loss. 

The following shows the price of produces every 
year before the advent of the Kosi, in its present 
belt. 



Today 1575 sq. miles are under jungles, 307 sq. 
miles under sand and 544 sq. miles are under water, 
and the area of the land fit for cultivation is 675 sq. 
miles or 432,000 acres. Total yield @ 10 maunds per 
acre would be 43,20,000 mds. of^ which half i.er, 
21,60,000 maunds are destroyed by wild animals 
(boars, nil gay) and birds. The price of the remaining 
half at the pre-war level would be Rs. 43,20,000 
(<?) Rs. 2/- per md.) and at the present rate it would 
be Rs. 1,29,60,000. Now, if we subtract 
Rs. 1,29,60,000, the present total income, from 
Rs, 17,85,60,000 the total income before the advent 
of the Kosi in the area at the present rate, we have 
the total annual loss of Rs. 16, 56, 00, OCX). 


(2) Mortality. 

The area at present affected has the number of 
deaths as 7,83,000 in round figures since 1923. 

Malaria ... ... ... 5,10,000 

Kalazar ... ... ... 2,10,000 

Cholera ... ... ... 60,000 

Small-pox ... .... 3,000 

7,83,000 

Besides these, we have a number of diseases like 
dysentery, hook-worm, dyspepsia, scabies, typhoid 
and pneumonia which either cause death straightway 
or lead people to it through extreme devitalization.” 

It will be noted that in (1) i.c., financial loss, we 
have not considered the devastating effects of the 
Kosi water on the cattle in the belt. Subsequently we 
shall have occasions to make observations on these. 
But leaving aside the question altogether, for the 
time being, and even giving some discount in the 
figure representing annual financial loss, we come to 
something most colossal and staggering. Add to it 
the annual mortality the belt must be suffering and 
consider it in terms of avoidable tears and suffering. 

The total flood affected area as given in the same 
report is spread over the following districts: — 

“North Bhagalpur (area 2110 sq. miles ; popula- 
tion 11.35,818) ; Eastern parts of the district of 
Darbhanga (area 672 sq. miles ; population 5,21,344) ; 
North Monghyr (area 500 sq. miles ; population 
3,40,000) aqd Purnen (area 200 sq. miles ; population 
1 ,00,000). Thus roughly, in round figure*, toial area 
at present affected is 3500 sq. miles with a total popu- 
lation of 21,00,000.” 

This area as affected by the Kosi, can be roughly 
divided into two regions by the longitude of 87° East. 
The eastern portion was the region which first suffered 
from the consequences of floods but has now been 
abandoned by the Kosi migrating westward. The 
western region is at the moment actively suffering 
from the floods. If the two maps given here are 
compared it will be observed that the Kosi with most 
of its important distributaries flowed east of the longi- 
tude of 87°E, even in 1920. But when the area was 
subsequently mapped in 1945, the channels were 
found to have migrated westward. And this is the 
problem of the Kosi. But why should the river shift 
so swiftly ? The answer is to be found in the hydro- 
logy of the river. 

Hydrology of Kosi 

The Kosi has been formed by a number of tri- 
butaries combining together near the temple of 
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Barahakshctra. The Sun Kosi, the Arun and the 
Tatnur arc the most important. The Sun Kosi lias a 
catchment area of 7,424 sq> miles, and the catchment 
areas of the Arun and the Tamur arc respectively 
14,106 and 2,278 sq. miles. The conihincd catchment 
areas of the three tributaries spread out in the form 
of a big fan converging in a narrow gorge just south 
of the confluence. The gorge abruptly ends in flat 
plains with insignificant slopes of 0‘5 to 2 feet per mile. 
The position is similar to that of the Mahanadi where 
the run off of the Plateau, emerging from the Naraj 
Gorge has to roll over the flat deltaic lower course. 
The situation is further complicated by the direction 
of the rain bearing winds. The lower portion of the 
catchment receives rain first followed by precipitation 
in the upper valley. This also keeps the lower 
portions of the Kosi channels inflated when the run- 
off from the upper region arrives on the plains. It is 
no wonder therefore that spates with water levels 
shooting up 30 feet in 24 hours are frequent during 
the monsoons. 

Basie data as regards the precipitation in the 
catchment area or the discharge of the river at 
different sections are not known so far. It is not 
possible therefore to give a correct estimate of the 


We do not know whether such generalizations are 
permissible in absence of the minimum of obser- 
vations, because according to the same authorities no 
rain gauges exist in the Kosi catchment area in Nepal. 

Solution 

Various solutions for the flood problem have been 
offered from time to time. From embankments of 
different kinds up to construction of reservoirs on 
multipurpose basis have been suggested. In the con- 
text of river developments of the present day in 
different parts of the world, plans of integrated deve- 
lopment of the valley has to be worked out for the 
Kosi. Plans for the Damodar have been worked out 
and the Mahanadi is also being attended to. The 
Kosi too deserves similar consideration. But un- 
fortunately for us our information with regard to the 
Kosi are still more meagre. Hydrologically, we have 
earlier mentioned, the Kosi is almost a ‘terra incog-' 
nita\ Geologically the position is worse still. Nepal 
had so long kept aloof from any geological prospect- 
ing. It is only recently that two excursions have been 
made into the gorge area of the river and this again 
under circumstances that prevented efficient working. 



Fjg. 3 shows the geomorphic form of the lerraine. The <lam site lius been tentatively placed at the 
position indicated bv the arrow. K i* worth investigating whether it can he better replaced by three 
danis across the tributaries shortly above their respective confluences. 


water resources that have to be tackled or the water A skeleton sketch has no doubt been made available 
balance that can be utilized for different purposes. as a result of these excursions but this has raised more 
Vague generalizations and assumptions as regards the points for solution rather than solved them. One of 
average precipitation, run-off and discharge of the Kosi the important fundings is that the whole gorge is 
have been made. One estimate places the average involved in a series of tectonic disturbances and that 
rainfall to be 60" with 60 per cent run-off. This the geological formations are not in their normal 
makes the total run-off to be (23,808 * 640 * *§ x xvg) orders of superpositions. The two sides of the gorge 
or 40,700,000 acre ft. ; roughly 40 million acre ft. do not have identical construction facilities/ And 
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the most worrying of findings is that the gorge has 
been within the zone of maximum intensity of the 
past several earthquakes that shook Nepal* Bihar, 
Assam and Bengal. Dr J. B. Auden of the Geological 
Survey of India and Mr * Nickell of T.V.A. 
therefore, feel that through hydrologically the 
gorge offers the most convenient site for 
storing the ruh-off of the Kosi catchment and 
regulating the flow for multipurpose basis lower 
down* yet it may have to be very thoroughly 
investigated. In fact, it appears likely, as I)r Auden 
suggests that the purpose would be better served and 
the risk minimised if three separate dams be cons- 
tructed across each of the three important tributaries, 
the Sun Kosi, the Arun and the Tamur shortly above 
the confluence. It was not possible for him to carry 
out geological prospecting for these sites within the 
time alotted to him. We would urge upon the Gov- 
ernment to take this point into serious consideration. 

It is encouraging to find that the Central Water 
Power Irrigation and Navigation Commission appear* 
to be cognisant of the fact that thorough investiga- 
tions are necessary before anything conclusive may be 
said about the Kosi Valley Development Scheme. We 
think that the following investigations should be 


carried out prior to any concrete proposal being pre- 
sented before the people and boosted in the press : — 

(1) Topographical and Geological Survey, 

(2) Hydro-meteorological Survey. 

(3) Sub-soil Water Survey, 

(4) River behaviour in' the plain tract, 

(5) Soil erosion and run-off, and 

(6) Soil Survey. 

It appears to us a very wrong principle, that 
dams are being planned first on the main river, 
without first tackling the tributaries. Thus for the 
Malianadi, the proposed dam at Hirakud is just below 
the point where the main river is joined by the big 
tributary, viz., the lb. Common sense tells us that if 
there be simultaneous and catastrophic precipitation 
in the valleys of the tributary and the main river, the 
dam would have to face very serious conditions. 
It appears to us that it would be easier to tackle 
the floods, if the tributaries Hasdo , lb and Tel 
were first darned, and the main dam on the Malianadi 
were located at Tiklierpara. In the case of the Kosi 
also, we think that datns should first be constructed 
on the three main affluents, and later, a big dam may 
be constructed on the Kosi. 
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Introduction 

KCKNT researches in plant nutrition have con- 
clusively established the importance of certain 
micro-elements in stimulating growth of plants. 
Boron undoubtedly belongs to this class(2, 9, 12, 15, 
20, 24, 27, 31). Its occurrence in plants is fairly 
widespread and traces of boron compounds arc help- 
ful in growth and metabolism. Seeds usually contain 
small quantity of this element but this supply is sel- 
dom commensurate with the requirement for normal 
growth. This has been shown in plants of different 
habitat and growth behaviour with the result that 
boron deficiency is now known to cause widespread 
physiological diseases. 

Boron Deficiency Symptoms and Diseases 

Lack of boron causes genuine damage to plants(3). 
Growing plants are mainly affected ; short and stumpy 

s 


roots are formed. Deficiency results in downward 
curling of leaves with corky and splilted midribs. 
In severe cases multiple bud formation, splitting of 
bark,* oozing of gum, exposing of wood, dieback of 
apical growing point, reduced flowering and decay of 
roots arc* also observed. Tendency to root malnutri- 
tion, defective solvent action, wilting and physical 
deformities have also been noted(41). Symptoms of 
deficiency appear early and develop quickly and 
usually mask other deficiency symptoms, if present. 
Relative tolerance of species and life span determine 
the extent of development of deficiency symptoms in 
different plants. * 

In citrus, meristematic tissues are primarily 
affected, followed by gum formation and carbohy- 
drate accumulation. Curling of leaves, degeneration 
of cambium and phloem and finally abscission are 
noticed(17). Demon seedlings are more sensitive in 
this regard than orange seedlings. In sugarbeet, 
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heart rot, crown rot "nr dry rot disease is associated 
with lack of boron, blackening of leaf tip(7), deve- 
lopment of dark green thick leaves, pimpling of 
j petioles, tendency to wilt, development of surface 
cankers, red pigmentation (38) and poor root develop- 
ment are characteristically noted. Discoloration and 
rotting of upper portion of root and formation of 
dense short green top later in the season often results 
in low yield and poor sugar content. The disease is 
cured by judicious boron application (4). 

In tomato, bearing is reduced in absence of boron. 
Fruits are covered with scattered darkened or dead 
areas., In cabbage, internal breakdown in pith is 
noted ; cabbage is less susceptible in this regard than 
cauliflower. Dwarfing amid distortion of leaves, poor 
but formation with concentric water soaked areas, 
surface browning, bitter flavour arc some of the symp- 
toms which appear year after year regardless of soil 
type and weather conditions! 19) more so under acidic 
soil reaction. 

In potato, deficiency causes development of thick 
leaves rolled in a manner characteristic of leaf roll. 
Brown discoloration of vascular rings and in severe 
cases their glassy appearance has also been recorded. 
Top sickness of tobacco, a boron deficiency disease, 
results in light green colour of bud leaves, distortion 
of leaves during expansion, twisted top growth and 
dieback of terminal bud. Growth remains stunted 
and flowering is inhibited. Injury is more pronounced 
in vigorously growing plants. In deficiency cultures, 
pea plants exhibit short thick roots with enlarged root 
apices and suppressed growth of secondary roots. 
Withering of shoot apex and internal disorganisation 
of tissues have been recorded in broad beans. Boron 
deficient barley remains normal but susceptible to 
attack of Erysiphv gram inis. Wheat exhibits abnor- 
nal tillering with no ears or ears badly developed and 
sterile. In maize, chlorosis of tissues between veins 
of old leaves, failure of young leaves to unroll, sub- 
normal development of lamina, disturbed meristematic 
growth and disorganisation of tissues are recorded. 
Partial sterility and poor cob formation is also noted. 
In oats, straw is increased but grain is reduced in defi- 
cient cultures. 

Marginal yellowing of foliage followed by pur- 
pling and scorching have been noted in turnip. Roots 
remain small, shrivel up and usually rot causing 
typical browji heart and black heart disease of turnip. 
In celery, deficiency causes cracked stem disease. In 
lettuce, typical deficiency symptoms also appear. Flax 
plants in absence of this element sootier or later perish. 
Decay of growth points of shoots is noted to take place. 
Sugarcane in water cultures(3) shows depression in 
growth and distortion and chlorosis of leaves ; definite 
stem and leaf lesions are formed. As a rule, meriste- 


matic tissues are seriously affected. Other crops like 
cotton, red clover and buckwheat also need boron in 
small quantity. In apples (22), physiological disorders, 
drought spots and corky core(10) have been noted in 
boron deficiency medium. Severe cases fo die-back 
and rosette have also been recorded in boron deficient 
soils. Fruits formed are small, of abnormal colour, 
pebbly to touch and usually drop early. Heart and dry 
rot of mangel is a boron deficiency disease. Crops 
affected by boron deficiency also include marigold, 
swedes, straw'berry(21), rice, Brass ic a sp.( 5), poppy, 
spinach, soyabean, castor, sweet potato, carrot, coffee, 
pumpkin, safflower, and onion. In fact, deficiency 
of boron is of great economic importance (24) than 
those of other minor elements. A comprehensive list 
of crops affected has appeared elsewhere(ll, 35). 

Symptoms op Boron Toxicity 

While the response of boron is almost universal, 
the critical limit to which it could be profitably applied 
requires careful determination. Improper use of this 
element proves toxic. Potassium fertilisers containing 
excess of boron show harmful effects. Development 
of toxic symptoms depends largely upon the source 
of irrigation water, the nutrient status of the soil, 
method of application of fertiliser, seasonal conditions, 
crop requirement, and soil type. In citrus arid 
walnut, leaves turn thin, mottled, chlorotic and 
crinkled when boron is in excess. Deaf injury fol- 
lowed by marginal or spotted browning and premature 
defoliation arc also recorded. In tomato, yellowing, 
development of brown spots and mettled appearance 
of leaf have been reported in toxic cultures. Dry rot 
of beet is also considered to be a boron toxicity dis- 
ease. Trees of stone fruits seldom exhibit such toxic 
symptoms. No specific histological changes have 
been recorded in prune, peach, apricot and grapes. 
In all cases of toxicity, chloroplasts, if present, are 
first to be affected. Progressive degeneration of proto- 
plasm takes place. Toxic symptoms are accompanied 
by reduced uptake of calcium and are suggested to be 
related to lack of availability of iron in presence of 
heavy doses of boron., Teaching with water or treat- 
ment with ferrous sulphate is recommended to over- 
come toxicity. 

Boron Requirement or Plants 

The enormous amount of literature on boron 
nutrition reveals that chemical combination in which 
this ingredient is presented is immaterial ; even in- 
soluble borates are helpful in avoiding deficiency dis- 
eases. What is needed most is an adequate supply 
spread over the entire life cycle. The range of useful- 
ness and toxicity differs markedly as shown by the 
figures quoted below for some crops. 
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Plants 


Fseful doses 


Toxic doses 


P. multi fronts j 
T. cat nat urn ) 
»Suiifk)wer(13) 
Tomato 
Alfalfa (16) 
Cauliflower (42) 
Cabbage 
vSugarbeet 
Field beans (30) 
Swedes 
Turnip 
Apples (8) 


Citrus 


1 : 12500000 
1 : 25000 
0*5 ppm. II. 

0*5 ppm. li. 

15 lbs. borax' /acre 
5-10 lbs. borax /acre 
20 lbs. borax/ acre 
1 0-20 1 b.s . 1 jorax / a ere 

20 lbs. borax /acre 
! 10 lbs. borax /acre 
| 0*5 to 1 lb. borax/plant 
or O-25/o b solution 
as injection 
25-100 gms. of borax/ 
plant 


1 :5000 

1 ppm. lb 
5 5 ppm B. 

20 11 >s. borax/ 
acre 

12 lbs. borax/ 
acre 



These limits however, are likely to vary with the 
nutrient status of the* soil in different localities. On 
the basis of their response plants could be conveni- 
ently classified into (d plants ol high boron require- 
ment, t\g., legumes, sunflower, cotton, buckwheat, 
castor, bean, flax, and mustard ; and (ii) plants of low 
boron requirement, c.g., cereals candituft. Compara- 
tive analysis of the plants(40) has also confirmed this 
view., Carrot, for instance, contains a higher per- 
centage (25 ingm./kgm. dry weight) of boron than 
cereals which show fairly low concentration of 
01 — -0*3 mgm. /kgm. dry weight of boron. As against 
this, the figures for tomato, tobacco, bean, potato, 
and pea are about 18 mgm. /kgm. dry weight. Beet 
shows still higher concentration of 75 mgm. /kgm. 
dry weight. In plants of low boron requirement, 
small quantity supplied with the seed or available 
through contaminations satisfies the growth require- 
ment. Ivvidcnees so far produced indicate in general 
lies! response of plants in trace boron cultures (003 
0*04 ppm. or 1 ppm.). In some cases growth is in- 
creased even in 10 — 15 ppm. cultures. Considerable 
overlapping of injurious and beneficial effects have 
been notcd(14). Tolerance studies based on pereent- 
r Dry weight in high H Cultures , . , 

age ra 10 o p rv vveeiglit ln trace B Cultures S l<m ia 
these values range between 10 and 200, the lowermost 
for most sensitive plants while the higher for tolerant 
species. No relation between boron tolerance and 
boron accumulation characteristics of different species 
recorded. 
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Boron requirement of different species, their 
power of absorbing this element and the ability of 
plants to show characteristic deficiency effects earlier 
than others appear to be related. In view* of this 
certair indicator .plants like turnip, sugar beet, tobacco 
sunilower(6, 28) are most helpful in preliminary soil 
tests. Aided by nutrient cultures they may help in 


establishing (/) whether or not a particular crop is 
likely to suffer from lack of boron ; and (ii) the extent 
to which boron as a manure would be able to help in 
increasing production. 

Leaves of all stages and stems in young plants 
are sensitive indicators of boron content of soil (30). 
Low boron concentration (10 ppm. in plants) is corre- 
lated with high incidence of disease; higher concentra- 
tions (above 14 ppm.) are associated with freedom 
from disease. In diseased apples boron content has, 
m one instance, been shown to fall down to one-third 
the normal value. Percentage is noted to be inversely 
proportional to the severity of the disease. Plant 
tissue analysis has proved useful in diagnosis of boron 
deficiency in beet as \vell(l). Expressed juice con- 
tains less boron than remaining plant residues(42). 
No consistency however, lias been noted even in a 
single species. Margins in lemons show thirty times 
as high a concentration of boj-ou as in the mid-vein 
and petiole*. In grafted varieties, boron content of 
scion leaves is affected by root stock ; if the latter is 
high in boron, scion leaf concentration is reduced. 
Intake of boron is determined by the characteristics of 
the absorbing region, nature of boron compounds in 
the plant and the equilibrium lift ween mobile and 
non-mobile compounds. In most cases quantity 
absorbed is related to quantity available(33). 

Boron present in soil is divided into three cate- 
gories^) : (/) total boron, (it) acid soluble boron and 
(iff) water soluble boron. Of these, the water soluble 
boron shows highest correlation with the incidence 
of disease. Kxtraction in boiling water for five 
minutes appears to be one of the best methods of 
estimating available boron in soil. A critical discus- 
sion of the method of estimating boron appears else- 
where(35). 


Skcondarv Kffhcts of Boron 

Boron brings about many secondary effects in soil. 
Applied in torm of borax it increases microbiological 
activity ; fungus population is affected more than 
bacterial. Growth of Ttichoda nut is confined to borax 
treated soils. In limed soil, borax is fixed mostly due 
to microbiological activi ty( 18). Boron deficient 
nodules in legumes show a remarkable development of 
rods and cocci which become easily parasitic and des- 
troy the protoplasm of host cells. Boron supply and 
apical dominance* appear to be also related. Abnormal 
tillering in monoeots is noted alongside withering of 
growing points in deficient cultures. 

Boron added to soil decreases its iron content. 
Apparently solubility of iron in soil is inhibited. Deve- 
lopment of chlorosis in toxic cultures is thus more 
due to lack of available iron than excess of boron 
addled to soil. Indol-acetic acid to a certain extent is 
suggested to replace boron. Boron deficient and 
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auxin deficient plants develop similar symptoms 
though the responses are not always equal(13). 

Environmental Effects on Boron 
Response 

Certain conditions in soil help to bring about or 
check boron deficiency diseases. Thus corky core and 
drought spot of apples and black heart of turnips are 
prevented in high carbonate soil. Soils saturated with 
calcium however show boron deficiency symptoms in 
some plants, yet browning of cauliflowers occurs more 
in distinctly acid soils(19). Ill effects of over liming 
in turnips, oats, cabbage, tomato, and soyabean has 
been cured by boron application (7). In sandy soils 
boron deficiency is made more acute by liming without 
the soil solution approaching an alkaline reaction (38). 
Different soils show differences in the degree to which 
available boron is tied up by liming. The reaction of 
the medium plays a vital part. Internal black spot 
of garden beet, for instance, is noted more in soils 
with neutral or alkaline reaction(38). 

Requirement of boron is also found to vary with 
the amount of certain other salts in solution. Thus 
when phosphorus is present in solution, plants grown 
without boron are normal except in fruit setting. In- 
creased potassium delays or eliminates symptoms of 
boron deficiency. Moisture and nitrogen content of 
the soil influence boron availability and response 
also (19). Magnesium hydroxide reduces availability 
of soil boron most ; calcium, sodium and potassium 
hydroxides are less effective(42) . 

As a rule low boron soils show deficiency 
symptoms.. In rich soils, continuous cropping and 
leaching depletes boron considerably and thus lowers 
its concentration to deficient level. In soils of high 
i>H, deficiency of boron (42) results from its fixation 
during denitrifying processes going on at greater 
pace. Other factors of soil composition treatment or 
climate sometimes restrict the availability of this 
element (8) . Heart rot of sugarbeet for instance, is 
more severe in dry years but not in wet seasons. 
Onions, radish and carrot accumulate several times 
as much boron in their roots, relative to that in leaf, 
when grown in winter as when grown in summer (14). 
In broadbeans, high boron concentration is more in- 
jurious in early spring or autumn than during 
summer. High light intensity and temperature during 
summer prevents movement of boron from leaves to 
other organs. In peas and barley reduced length of 
the day rather than lower temperature controls delay 
in the appearance of boron deficiency symptoms dur- 
ing spring and autumn as compared to summer. 

Experiments under control conditions have 
shown that lack of boron exerts more fundamental 
influence on the plant than reduction in the length 


of the day. In the former case, stem apices die irres- 
pective of light conditions ; recovery takes place only 
on substituting this element. Factors affecting translo- 
cation and distribution of this element in plants appear 
to be equally important in determining boron require- 
ment than boron supplying power of the substrate. 

Boron Supply and Absorption of Elements 

Boron affects calcium uptake considerably (39). 
Total calcium taken up has been noted to be reduced 
in boron deficient plants more than that of K and N. 
Nitrogen, if at all affected, shows slight variation. 
Higher nitrogen content of straw and grain of wheat 
lias however, been recorded in plants treated with 
boron. Absence of this ingredient from single salt 
solution causes rapid death. Other elements, if pre- 
sent, increase requirement of boron and calcium both. 
Renewal of solution delays appearance of deficiency 
symptoms and prolongs absorbing capacity of the 
plant. Under heavy doses of boron, decreased calcium 
absorption is noted. Per contia, heavy calcium in- 
juries are mitigated by boron compounds. In corn, 
soluble boron content is highly correlated with total 
soluble or active calcium of the tissues(34). In soya- 
beans, production of fresh tissue and percentage of 
calcium are conditioned by boron concentration in 
the medium. Total ash content docs not vary so much 
as calcium content of ash. Boron, in general, aids 
absorption and utilisation of calcium more than 
others (29). 

Boron Supply and Tissue Composition 

Under boron deficiency leaves tend to develop 
purple colour and show more starch and total sugar 
than the control. Stem on the other hand contains 
less sugar. Benzene soluble matter is also increased. 
Boron appears to play some part in carbohydrates and 
fat metabolism (34).. Some relationship with pectin 
content is also recorded (26). Proportion of other 
materials also differs markedly. Under extreme 
deficiency acidity develops in stem tips ; ammonium 
nitrogen accumulates in these acid cells alongside 
sugars. Progressive degeneration of protoplasm also 
takes place. Course of photosynthesis appears to be 
altercd(37) to bring about changes in composition. 

Boron Supply and Plant Anatomy 

Absence of boron induces several abnormalities 
in plant anatomy. All tissues where growth and cell 
division are taking place are affected. Hypertrophy 
of cambium cells, disintegration of phloem and 
ground parenchyma, poor development of xylem and 
poor lignification are noted in deficient plants. Phloem 
necrosis is noted in petioles, stem and other regions 
as well. In tomato(32) cell waH turns brown; leaf cells 
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enlarge and thicken. Flower buds, stalks and flowers 
all exhibit internal degeneration and die prematurely. 
In prunes, peaches, grapes and citrus xylem dis- 
integrates forming gum pockets. In deficient sugar- 
cane, lignified fibre cells are small, poorly developed 
and loosely arranged ; enlargement of cells and deep 
constrictions internally in the injured regions of young 
leaves are also observed. In pea, root apices enlarge ; 
cells cease to divide normally and undergo pathologi- 
cal change. Xylem elements appear isolated. Secon- 
dary root priniordia develop abnormally close to the 
root tips. In beet (23), hypertrophy of cambium, 
degeneration and necrosis in primary and secondary 
xylem, intercellular brown deposits and cell enlarge- 
ment and proliferation extending to mesophyll and 
spongy parenchyma, and floral axis are recorded. In 
cabbage, proliferation of cambium results in forma- 
tion of undifferentiated tissues. In general, metabolic' 
processes concerned in cell division, cell differentiation 
and storage are affected chiefly by boron deficiency. 

Conclusion: Physiological Roll of Boron 

Boron appears to function as a nutritive rather 
than a catalytic agent. Its action is suggested to be 
analogous to vitamins in animal life. It seems to be 
soon fixed up and is not in a state of circulation. The 
possibility of its acting merely as an antiseptic agent 
seems quite unlikely. Acidifying action is also neglig- 
ible as no appreciable change in pH of the medium 
is recorded. 

It is widely distributed throughout the plant alter 
absorption. Death of apical meristem is due to lack 
of some factor essential to growth and development of 
permanent tissue from meristematie cells ; the latter 
in some way depends upon the presence of boron. 
Boron, however, is not able to replace any of the major 
nutrients although a definite association with calcium 
absorption is recorded(34). The amount required is so 
small that it can hardly be a problem in nature deserv- 
ing as much attention as any of the major ingredients. 
Contaminations in some cases provide enough boron 
for plant growth. It is suggested that this element is 
carried to the leaf along the transpiration stream as 
an inorganic radical. On reaching the foliage, much 
of it is combined with organic compounds and is ren- 
dered immobile. It tends to remain there and does 
not move freely along with sugars and other substances 
towards growing tissues(14)* Translocation of this 
ingredient to bark and wood and finally to flesh of 
stone fruits is recorded. In leaves, boron is almost 
entirely dissolved in sap. Large immobile molecules 
it seems, are formed as a result of which boron does 
not difeuse through plasma membrane. It is also sug- 
gested to be fixed in plant tissues and thus cannot be 
used*over and over again. 


Boron is more* a nutrient needed in small quantity 
than anything else. It is considered to play some 
part in the regulation of the water relations of plasma 
colloids(29) and helps carbohydrate transportation and 
utilisation. Course of photosynthesis is also altered(37). 
It is considered instrumental in regulating the distri- 
bution of materials through the various parts of the 
plant(25). It also serves to regulate accumulation of 
ions from nutrient solution(36, 37). Boron is suggested 
to be in some* way related to formation of fat (34),. 
pectin (26) and development of acidity. Growth of 
stem is regulated more by boron than that of leaf or 
root. Its proportion influences respiration also. Low 
boron is associated with low respiration. Type of 
metabolism which influence the keeping behaviour of 
fruits is greatly affected. Comparative effects of iron 
and boron deficiency does not give any conclusive 
proof as to whether or not the action of boron is 
antagonistic to iron or whether it acts merely as a 
carrier of an essential element. At least it is consi- 
dered helpful in overcoming the toxic effects of cer- 
tain heavy metals, e.g., rubidium. Malnutrition and 
defective solvent action of roots are associated with 
the absence of this ingredient. Boron in traces is 
helpful in mitigating these effects. It cannot be wholly 
replaced by any other element though manganese 
appears to be a better substitute than others. Its 
role in the formation of hormones(13) and fat dnd 
carbohydrate metabolism (34) is yet little understood. 
Much more work is needed to work out the mechanism 
of boron response and the manner in which boron 
helps in bringing about physiological balance in the 
nutrient status of the soil to ensure good growth. 
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MAGNESIUM BATTERIES* 


TN course of the last World War, highly mecha- 
nised and mobile as it was, portable and self- 
contained sources of electrical energy had been the 
subject of intensive researches. As a result, great 
improvements have been effected on the construction 
of dry batteries and accumulators. Some inherent 
defects in the newly developed sources of energy, 
which would have prohibited their use in peace time, 
iHicame causes of secondary importance in time of war. 
Thus the question of price was of little consideration 
from the military point of view ; certain important 
characteristics, such as lightness, increased mass and 
volume capacity, excellent performance at low tem- 
peratures justified some financial sacrifices to be made. 
Further, certain peculiar difficulties of practical appli- 
cation, which might limit their use for civil purposes, 
did not present the same inconvenience in war, since 
the technical services of the army are now-a-days 
manned with an adequate staff of competent special- 
ists. 


Magnesium in the Construction of 
, Dry Batteries 

It is not therefore surprising that a very old idea 
was taken up again for the construction of dry batte- 
ries, namely the employment of magnesium as anode 
in place of zinc. (It may be remembered that the name 
anode applies to the soluble electrode although it 
corresponds to the negative pole of the battery). 
Magnesium was a rare laboratory substance only a 
few years ago but has now become a common material 
and, due to a slow-down in the production of aero- 
planes, is disposable in large quantities. ' Manufac- 
turers have therefore engaged themselves in finding 

* Translated from Im Nature, March, 1948, 


out new fields of application for this metal. The 
replacement of zinc by magnesium lor the cathodic 
protection of underground metal conduits is an im- 
portant example of a new opening for this metal. 
The use of magnesium in the construction of dry 
batteries constitutes another example. 

A comparison of the cleetro-ehemieal properties 
of the two metals will show that magnesium is con- 
siderably superior to zinc. 


! Electro-chemical 
Electrode ! equivalent in 

Potential Amp. hour per 

1 


0-76 V. 2200 

2*4 V. 815 


In theory at least, for the same weight magne- 
sium can yield 21 times more current under a tension 
three times greater than zinc. Magnesium was envi- 
saged, since 1885, particularly by Heim, as a possible 
material for the construction of dry batteries but at 
that time, this metal, like aluminium, was only a 
laboratory curiosity and its high price prohibited its 
industrial utilization. To day it is no more so and 
magnesium batteries have been developed as a result 
of numerous investigations carried out since 1925. 


Zinc 

Magnesium 


M agn ksium -Carbon -Chrom ic Acid Battery 

The magnesium batteries first produced depended 
on the use of the magnesium-carbon couple with 
chromic acid or a bichromate as depolarizer. The 
main trouble was that it was difficult to obtain# with 
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magnesium a continuous discharge at a relatively 
constant potential ; the metal get s fatigued in course 
of the discharge and chemical corrosion takes place 
during periods of rest. Chromic acid is a very good 
solvent of the products resulting from the action on 
magnesium during the discharge but has no efTeet on 
open circuit. The tension, however, was low and it 
was not possible to obtain large discharge currents. 

Substantial improvement has been achieved 
recently by the use, on the one hand, of complex 
electrolytes containing side by side with chromic acid 
other constituents such as phosphoric acid and sul- 
phuric acid and, on the other hand, by employing 
certain alloys of magnesium instead of the pure metal. 
Sucli alloys acquire the property of greater resis- 
tance to corrosion on open circuit if subjected to a 
thermal treatment, for instance, heating to a tcim 
perature as high as 600°C followed by immersion in 
water at 80°C. 

The compositions of the alloys and electrolytes 
which have given best results in experiments recently 
carried out in the I’.S.A. are given below : 



Composition 

of / 

lloy. 

Compos 

ihon of FAecholvtc. 

Cell 







No. 









Mg. 

A.. 

Va\. 

Mu. 

t-'rOj 


H a SO t 

\ 

92-3% 

0-s ; o j 

1% 

0 2% 

40% 

23% 


2 1 

98-5% 

... 


>•5% 

40 Vo 

23% 


3 

92-3% , 

6*5 }n J 

1 % 

0-2% 

40% 

20% 


4 

92’ 3 Vo 

6*5 Vo i 

l Vo 

0-2% 

40% 

15% 

001% 

5 

92*3%, 

6*5% i 

1 % 

0'2% 

45% 

20% 

0 01% 


With these different constituents, cells were pre- 
pared with a magnesium anode measuring 51 *8*9* 
0*63 cm. and a carbon electrode measuring 10 cm. 
sideways, capable of containing 500 cnv ! of electrolyte. 
These cells were discharged at current densities 
ranging from 1 to 6 mi lli am peres. per sq. cm., 
but the variation was found to have no sensible in- 
fluence on the tension. Their characteristics are 
shown in the following table : 


Cell No. 

Initial tension on 

Capacity in 

closed circuit. 

amp. lir. 

1 

131 V. 

28*4 

2 

1 *58/ 1 *71 V. 

28*3 

3 

Ml V. 

25*8 

4 

1-18/ 1-24 V. 

25*3/29*3 

5 

1-07/1-22 V. 

i 

26 


Yield. 


84% 

68% 

60% 

80/83% 

82% 


Cell No. 2 has the highest tension. This tension 
is not obtained at the cost of capacity but of a slight 
diminution in the "yield. The discharge curves for 


63 

the magnesium cells are very interesting. As shown 
in Fig. 1, the curves are substantially flat up to 1 V 
for cell No. 1 and to 1*5 V for cell No. 2. These 
batteries are still only in the first .stage of realisation, 
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Fig. 1. — Discharge curve of cells Nos. I and 2. 


yet they are noteworthy for their electrical charac- 
teristics as well as for very small chemical corrosion 
on open circuit. For the same volume, a battery 
of this type yields practically the same energy output 
as a classical battery with zinc anode, copper cathode, 
oxide of copper as depolarizer and caustic soda solu- 
tion as electrolyte. 

Magnesium-Carron-Saune SoumoN Battery 

A few years before the war, a number of patents 
for this type of battery were submitted by an in- 
ventor named Gordon. Since then, this battery was 
the subject of numerous researches mainly in 
England, then in Canada and the U. S. A. There is 
still difference of opinion regarding its industrial 
possibilities ; yet it appears to have already found 
some applications, either for the manufacture of 
pocket batteries or of batteries meant for radio 
receivers. On the more industrial side, its use as an 
entirely independent source of electrical energy has 
also been envisaged, and batteries have been manu- 
factured for working domestic refrigerators placed in 
localities having no electric supply line as well as for 
supplying the energy needed for propelling small 
boats, specially fishing boats. This battery functions 
by being simply filled up with saline solution, parti- 
cularly sea-water ; it is only necessary to dip the 
electrodes in the sea to obtain a current and to take 
them out of the water to stop it. 

The Americans have t-ven thought of solving the 
important problem of electric traction, which is so 
important in towns poor in combustible liquids, by 
employing these light-weight batteries. It is suggest- 
ed that the low price of magnesium is going to make 
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this method of producing current a practical proposi- 
tion and some simple methods of assembly have been 
evolved which wnll allow the change of electrodes 
when used up, as easily and quickly as the motorist 
fills up the tank of his car. It may appear that 
these ideas are still premature but according to a 
specialist these magnesium batteries will be of general 
use in the near future even though they are not so at 
present. 

The Gordon battery is essentially built up of 
magnesium anodes and carbon cathodes ; the elec- 
trolyte is a saline solution, depolarization being 
assured by the oxygen of the air. The whole problem 
thus reduces to the preparation of cells in which the 
access of air is sufficient to enable the battery to 
deliver current of the order necessary for industrial 
applications. 

If a rod of carbon and a rod of magnesium arc 
dipped in saline solution it will be difficult to obtain 
appreciable current. In order to get better results 
it is necessary to wrap the magnesium rod with a 
fibrous material very sparingly soaked with the elec- 
trolyte in such a manner that air may copiously reach 
the interstices. 

In its simplest form the Gordon battery cousists 
of a magnesium rod surrounded by several spirals 
of loose cellulose packing, the whole being introduced 
in a tube of carbon. The tissues extend beyond the 
bottom of the magnesium rod and plunge into the 
saline solution so that the latter rises up by capillary 
action and moistens the tissues. In practice, three 
magnesium rods are generally mounted in parallel to 
increase the active surface area, each being wrapped 
up with a tissue. The metal used for the preparation, 
of anode is not pure magnesium. It generally con- 
tains 1 per cent manganese to increase the hardness 
and 5 to 6 per cent aluminium in order to make it 
more ductile. Other metals in minute quantities are 
also added with a view to make the action of the 
metal more regular and to avoid local corrosive actions 
which check Ihe production of current. 

Fot y the manufacture of batteries for pocket lumps 
a slightly different method of construction is adopted. 
The salt meant for improving the conductivity of the 
electrolyte is compressed in the form of a tablet and 
is placed at the lower part of the tissue. It is enough 
to introduce from time to time a small quantity of 
water in a tiny capsule moulded ill the form of a 
reservoir and placed at the bottom of each cell. The 
water dissolves th$ salt and rises up by capillary 
action between the electrodes. When the battery is 
dry it is absolutely inert and does not undergo any 
corrosion.' When, on the contrary, water is added it 
begins to work. 

The electromotive force of this battery on open 
circuit is about 16 volt. 


varies as a function of the current output and in some 


cases it may go down to 0’7 volt. Fig. 2 shows a 
curve of discharge at 100 mA. for a small magnesium 
battery. It is found that during almost the whole 
duration of the discharge the tension remains practi- 
cally constant. It is in continuous service that this 
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battery gives better results ; it does not polarize and 
does not require any time of recovery like ordinary 
dry cells. 

When it is reactivated with water, the tension, 
weak at first, rises till the tissue is completely 
saturated with the liquid. It takes 30 to 40 seconds 
for this rise and this slight delay is practically of no 
importance in most cases. 

Besides the cells for pocket lamps or for dcaf- 
aid apparatus, batteries of the Gordon type are made 
in three different forms. The smallest is 12*5 cm. 
in length and 5 cm. in diameter. It is composed of 
a mantle of carbon having inside it three magnesium 
rods 11 cm. in length and 1 cm. in diameter. This 
battery may supply a current of 100 mA at 1 volt for 
400 consecutive hours. The second type measures 
12*5 cm. in length and a little more than 6 cm. in 
diameter. It consists of *5 magnesium rods and can 
supply the same current at the same voltage for 
600 hours. The third type measures 125 cm. in 
length and 7'8 cm. in diameter and contains 8 magne- 
sium rods. At the same rate it can supply current 
for 1000 hours. 

The relative weights of these cells are 225 gins, 
300 gins, and 420 gms. respectively. Nothing 
stands in the way of constructing cells of other sizes 
since the capacity depends essentially on the surface 
area of magnesium exposed to the action of the 
electrolyte. As a result, a battery of this type may 
be designed with as much precision as a lead-acid 
battery. 


Investigations are continued with a view to irn- 
In closed circuit its tension prove the characteristics of the magnesium cell. 
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Thus efforts arc being made to reduce its internal 
resistance and to facilitate the access of air in order 
to obtain greater output. It has also been noticed 
that the voltage falls down after each interruption of 
the discharge. It seems that this defect is caused 
by the presence of impurity in the carbon and 
attempts are being made to obtain electrodes free* 
from ashes. 

Magnesium-Silver Chlortue-Water Battery 

In the beginning of the war need was badly fell 
of batteries having very large capacity but with 
little complications and minimum possible weight. 
The ordinary dry culls and the accumulators did not 
satisfy these requirements. Thus the construction of 
ceils employing magnesium aiul silver electrodes, 
silver chloride as depolarizer and water or saline solu- 
tion as electrolyte was envisaged. The use of silver 
chloride as depolarizer is not new for this substance 
has been already used in the construction of cells 
similar to Leclanehc’s cells and containing zinc as 
anode ; but these batteries had very low tension, <»l 
the order of 1 volt, and could not furnish quick dis- 
charges. The use* of magnesium has won over these 
difficulties. 

The magnesium-silver chloride cells are manu- 
factured in two different forms depending on whether 
they are required to deliver large current at low 
tension or low current at high tension. 

The positive electrode is made up of a silver foil 
25 to 75 microns thick, on the surface of which silver 
chloride is deposited by a patented electro-chemical 
process. The negative electrode is a pure magnesium 
foil of the same thickness. In batteries having low 
tension a layer of absorbent paper is interposed 
between these two foils and the whole is then i oiled 
up. If this operation is performed under suitable 
conditions, for instance, in factories wherein the tem- 
perature is controlled at 27°L and the relative 
humidity is less than 25%, the cells once rolled up 
in tight packings may be preserved indefinitely. 
At the time of use, it is enough to dip the cell in 
water or better in saline solution in order to activate 
it. When batteries with two or three cells are to be 
made, the first cell is surrounded with a plastic film ; 
round it the second combination is concentrically 
rolled up and so on. In this way si simple concentric 
assembly is obtained enabling the storage of large 
electric energy. 

For the high tension batteries flat electrodes are 
used, having surface areas varying from 3*78 to 16’8 
cm. sq. according Ho requirements. In these cells 
only one face pi the silver plate is coated with silver 
chloride. Between two opposite electrodes is placed 
a sheet of absorbent paper and between two consecu- 
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Live cells an insulating plate is interposed. In modern 
radio-sonde equipments magnesium-silver chloride 
batteries consisting of a combination of a low tension 
and a high tension battery are largely used. 

Just before use these* cells arc taken out of their 
casing and the paper is saturated with water or pre- 
ferably with saline solution in order to improve the 
conductivity of the electrolyte. The batten' attains 
its own tension in one or two minutes if filled up with 
water and within a shorter time if soaked in saline 
solution such as sea water. 

The essential characteristics of this type of cell 
are : — 

(1) Eight weight and small dimensions. 

(2) May be preserved indefinitely in the dry 
state, under any condition of temperature 
and humidity. 

(?) May be filled up with sea water or natural 
water. Use of special electrolytes is avoided. 

(4) High voltage of the order of about 1’5 volt, 
capacity being maintained at an appreciable 
value even when the temperature falls down 
to — 40°C. 

(5) Variation of voltage in course of discharge is 
very small as shown in Fig. 3 which enables 
a comparative study to be made of a silver 
chloride cell, an ordinary dry cell and a 
perchloric acid battery, each discharged 
through a resistance of 10 ohms. 



Fig. 3.— Comparison of an ordinary dry cell, a perchloric 
acid battery and a magnesium battery, discharged 
through a resistance of 10 ohms. 


One of the American manufacturers of this type 
of batteries produced during the war no less than 25 
different models for the technical services of the 
Army and the Navy. One of the principal uses of 
these batteries has been in the equipment of sound- 
ing balloons which carry a very small radio tran- 
smitter to great altitudes. 

Silver chloride cells have another important 
point of superiority ; they are not sensitive to varia- 
tions of temperature*. Such a cell having an electrode 
area of 150 cm. sq., discharged through an external 
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resistance of 10 ohms, gives the same output at 4- 20°C 
as at~40°C ; the voltage in course of the discharge 
is reduced only slightly at the low temperature end. 
On the other hand, the duration of the discharge 
remains practically unchanged. Under the same con- 
ditions the duration of discharge of a perchloric acid 
battery is reduced to one-fourth. liven if the dis- 
charge current is increased, the voltage of the silver 
chloride cell is only slightly reduced but the output 
capacity remains practically the same. Thus a 
hundredfold increase of the discharge rale causes a 


reduction of the voltage from 1‘6 volt to 134 volt 
while the capacity is reduced by only 10 per cent. 

The cells described above are all irrev^siblc and 
therefore cannot be recharged. It would be an 
achievement if one could construct accumulators, /.c., 
reversible cells using magnesium as electrodes, at 
least as the negative electrodes. Researches are being 
pursued in this line ; if they are crowned with success 
tlie problem of light-weight accumulators which has 
been the subject of numerous investigations will be 
solved. 


Botes anb flews 


MINISTRY OF SCIENTIFIC RESEARCH 

Consequent to the creation of a separate port- 
folio of ‘Scientific Research* in September last, of 
which Pandit Jawaharlal Nehru is in charge (see 
Science and Culture, September 1947, p. 108), the 
Government of India have now created a separate 
Department of Scientific Research with effect from 
June 1 last. 

The Department will work under the Prime 
Minister and Dr Shanti Swarup Bhatnagar, Director, 
Scientific and Industrial Research has been appoint- 
ed the Secretary and Principal Executive Officer. 
The department has taken over the work of the 
Board of Research on Atomic Energy and the Council 
of Scientific and Industrial Research. The latter will 
however retain its unofficial character and function 
as before. 

The new department will tender scientific advice 
to Government departments and deal with ad hoc 
scientific research in universities and institutions ; 
Scientific Consultative Committee ; and the interna- 
tional scientific unions. It will further co-ordinate 
the scientific activities of other ministries through a 
co-ordination committee consisting of eminent 
scientists. 

Presiding over a meeting of the Governing Body 
of the Council of Scientific and Industrial Research 
on July 17 last, Pandit Nehru said that the newly 
created Department of Scientific Research had been 
formed for future scientific developments in the 
country. Matters connected with atomic energy in- 
volved dealings with other countries and control of 
raw materials connected with atomic energy deve- 


lopmcnt and production was also essential and hence 
required special attention in the hands of a separate 
department. Close liaison, however, would be main- 
tained with the Ministry of Industry and Supply. 
The selling up of an Atomic Energy Commission to 
enforce the Atomic Energy Act uas under Govern- 
ment's consideration. 

The Council recommended to the Governqienl 
the production of alternative synthetic petrol 
(synthesis of liquid fuel from coal). It is proposed 
to extract 1 million tons of motor spirit and diesel 
oil by extraction from coal estimated to cost about 
Rv 65 crores. Messrs. K uppers, a U. S. firm are 
appointed as consultants to advise the Government 
of India on this question. A batch of experts have 
arrived in India and a report will be ready by middle 
of September. 

The Council further recommended the increased 
production of power alcohol ; establishment of field 
survey station in Assam for the survey of coal and 
petroleum deposits in the province ; and the esta- 
blishment of a high altitude research station and 
laboratory in the Himalayas for the survey of Hima- 
layan resources in minerals, animal and plant life, 
and investigations connected with cosmic ray re- 
search, astronomy, meteorology, snow survey and 
Glaciology. 

The Council further approved of the proposal 
for the establishment of a Central Road Research 
Institute and a Central Building Research Institute 
at Roorkee at an estimated cost of Rs. 175 lakhs' and 
Rs. 5 lakhs respectively. These are the two engineer- 
ing research organisations to be set up in the chain 
of National Laboratories sponsored by the Council. 
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A committee was also set up to investigate the 
possibilities of utilizing natural deposits of mixed 
salts. 


THE UNIVERSITIES AS CENTRES OF 
SCIENTIFIC RESEARCH 

On May 10, 1947, the British Association's Divi- 
sion for Social and International Relations of Science 
held a conference in the University of Manchester on 
the Place of University oil the Community. 

The Chairman, Sir Henry Dale, O.M., G.B.K., 
F.R.S., discussed on the universities as centres of 
scientific research and the source of their financial 
support. It was -obvious that the universities wen* 
just emerging from wholly abnormal conditions im- 
posed by the war, when the activities of almost every 
science department were very largely Riven over to 
work directly or indirectly undertaken for the (Govern- 
ment on prescribed mostly secret projects. The 
universities were emerging from that obligation but 
were finding themselves already dependent for 75 per 
cent of their income on money from the public purse. 
TIk* Government organisations which had sup] died 
the funds, together with the nation’s industries, had 
experienced for the first time during the war the full 
possibilities of prescribed and directed researches, 
carried out for them in the science departments of 
the universities. It seemed desirable rather urgent 
now, to consider very carefully what was the proper 
normal function of research in the universities. Sir 
Henry stated that the particular function of the 
universities was that of independent research, and 
the advancement of fundamental science would be 
regarded as the particular task of research in the 
universities Of course researches in the sciences 
ancillary to agriculture and to medicine tended to 
be applied research, but no body would desire to 
exclude them for that reason from the activities of 
the universities. The real distinction was between 
free or independent researches, undertaken with no 
obligation to keep to a definite course or to limit 
activities to the solution of a pre-ordained problem, 
and prescribed researches, undertaken to solve a 
prescribed problem. The special function of the 
universities was free research rather than prescribed 
research. The universities should then have the 
special function of encouraging investigations having 
no obvious relation to applications which could be 
foreseen, though, according to all experience, such 
researches 1 very often led to practical applications 
more important than those which come from re- 
searches undertaken with a prescribed and practical 
object. 

The object, then, of the universities was to pro- 
mote researches undertaken with no practical objec- 


tive but to widen the boundaries of knowledge and 
to discover truth for its own interest and for its 
cultural value. That should not exclude even con- 
tract researches commissioned by some outside body, 
if freedom were allowed, and if the offer of financial 
/support for an attack on a named problem did not 
divert the academic worker from the natural line 
of his own ideas. 

Sir Henry mentioned that he had recently made 
this suggestion in the course of a lecture in the 
United States of America, and had met with a sur- 
prising unanimity of approval from scientific 
colleagues, not only in academic circles, but in the 
centres of industrial scientific research as well. In 
particular, the Director of one of the most important 
research organisations supported by industry in the 
United States said, ‘T think that you are absolutely 
right. We ourselves support, and desire to support 
in increasing measure, research work of a perfectly 
free kind in the universities.” (The Advancement of 
Science , 5, 18, 1948). 

ATOMIC PILE AT BROOKHAVEN 

It is reported that the ‘ atomic [file* at the New 
Brookhaven National Laboratory, now under con- 
struction, will be the most flexible research pile in 
the world. Among others, there will be facilities for 
bringing neutron beams out of the pile, for irradiating 
biological tissues, and for making studies of the 
characteristics of neutrons. Provision has also been 
made for special research on materials used in con- 
nection with the construction and operation of atomic 
piles, and also on the engineering problems involved 
in atomic power production. In general form, the 
Brookhaven pile will be similar to the Oak Ridge pile, 
except that the neutron density will be several times 
greater. The pile, which will be air cooled, will be 
housed in a building approximately 120 feet long by 
100 feet wide, and more than six stories in height. 
The building will be flanked by two wings, each 
nearly 100 feet long, which will contain laboratories. 
The whole structure will be approximately 320 feet 
in length. Though operation of the pile will be so 
nearly automatic that one man could safely care fop 
it, present plans call for two to three men per shift. 
The pile is designed to operate on a schedule of seven 
days per week, 24 hours per day. The plan for 
other equipment to be constructed includes a ‘hot’ 
laboratory for use in research on radioactive mate- 
rials, a large cyclotron, and a Van de Graaff generator. 
(Journal of the Chemical Education , April 1948). 

URANIUM PRODUCTION PROGRAMME IN U. S. 

It is reported from New* York correspondent 
that the U. S. Atomic Energy Commission has 
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announced a three-point programme to stimulate the 
discovery and production of domestic uranium by 
private competitive enterprise. The major elements 
of the programme are : — 

1 . Government-guaranteed ten-year minimum 
prices for domestic refined uranium, high- 
grade uranium ores and mechanical concen- 
trates. 

2. A bonus of $10,000 for the discovery and 
production of high-grade uranium ores from 
new domestic deposits. 

3. Government-guaranteed three-year minimum 
prices for the low-grade carnotite- and 
roscoelite-type uranium -vanadium ores of 
the Colorado plateau area and Government 
operation of two vanadium -uranium plants 
in that area. 

The Commission recognises that, in line with 
the policies expressed in the Atomic Energy Act 
of . 1946, development and production of uranium 
ores can be stimulated most effectively by the type 
of private operations responsible for the growth and 
efficiency of the American mining industry. The 
A liC guarantees minimum prices for domestic re- 
fined uranium, high-grade uranium-bearing ores and 
mechanical concentrates. The guaranteed minimum 
prices are $'50 per lb. of recoverable uranium oxide 
from uranium -bearing ores and concentrates, less the 
cost of refining and $3*50 per lb. for uranium oxide. 
Against the $13*80 per ton currently being paid by 
private industry for carnotite- or roscoelite-type ores 
containing 2 per cent vanadium oxide and 0‘2 per cent 
uranium oxide, the Commission, for a period of three 
years, will pay producers $20*40 per ton for this 
grade of ore delivered to it at Monticello, Utah or 
Durango, Colorado. The schedule provides for pay- 
ment of $1*50 per lb. of uranium oxide for the deli- 
very of ores assaying 0*20 per cent, plus a develop- 
ment allowance of 50 cents per lb. Premiums will 
be paid for delivery of certain higher grades of ore, 
however, and a lower price will be paid for delivery 
of ores containing less than 0*20 per cent uranium 
oxide with no payment for ores containing less than 
0*10 per cent. Payment will also be made based on 
the vanadium oxide content of the ore at 31 cents 
per lb. for an amount not exceeding 10 lb. per each 
lb. of uranium oxide. It is expected that the Monti- 
cello purchase depot will be ready to receive ore 
during July, 1948 and that the Durango depot will be 
in operation shortly thereafter. 

According to the Australian News and Infor- 
mation Bureau in New York, a move in a similar 
direction has also been made by the Federal 
Government in Australia. It has been announced 
that discovery in Australia of a deposit of ore capable 


of yielding 25 tons of uranium oxide will earn the 
lindcr $3,200 and an additional allowance of up to 
$80,000 according to the richness of the lind. (The 
Chemical Age, May 22, 1948). 

FUTURE ATOMIC ADVANCES 

Experimental, atomic power plants ‘within a 
year or two* and ships running on atomic energy 
‘within a decade’ were forecast by a famous American 
atomic scientist. 

The scientist is Dr Edward U. Condon, Director 
of the National Btireau of Standards, who has been 
under attack from a subcommittee of the House Un- 
American Activities Committee. Dr Condon’s views 
on the future applications of atomic energy are given 
in a report to the American Institute of Electrical 
Engineers in New 7 York on March 10 last. 

‘Three atomic power plants are now under way 
— at Oak Ridge, Tenn., Chicago, 111., and vSchenee- 
tady, N.Y. — and it should be possible to realise 
experimental production of power within a year or 
two/ the atomic scientist forecast. 

For cars, planes or even railroad locomotives, 
atomic power plants are likely to be too heavy, he 
believes. 

“However, it is reasonable to suppose that 
within a decade some ships may derive their power 
from (atomic) piles/ 

Other atonpc advances expected by Dr Condon 
include better ways of producing the atomic bomb 
elements uranium 235 and plutonium, smaller-sized 
chain-reacting piles, important ‘special purpose 
energy sources’ and aids in medical and other scien- 
tific work. 

Whether or not other elements can be used to 
release atomic energy ‘can be decided only by 
future research/ declares the scientist. 

‘At present no means of doing this is in sight, 
but it should be remembered that in 1938 the atomic 
bomb would have seemed fantastic to the best nuclear 
physicists/ (Science News Letter , May 22, 1948). 

CHEMICAL WARFARE IN ANCIENT INDIA 

Kokatnur from New York City has suggested 
from careful investigation that India might lay sub- 
stantial claim, both from its antiquity and historical 
evidence, to precedence as the country of origin of 
chemical warfare. 

The beginning of chemical warfare is generally 
traced to Greece., The fact that many civilizations 
may have preceded that of Greece, suggests that the 
parentage of the Grecian civilization lies within the 
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annuls of an earlier and perhaps greater dynasty . 
There is no trace of the employment of chemical war- 
fare in the Illiad and the Odyssey, whereas the 
Ramayana and the Mahahharaia have examples of it. 
According* to General Maclagen, Quintus Curtins 
indicates that Alexander met with some fire weapons 
in India. The evidence coming from Greeks should 
not be neglected in connection with this chemical 
warfare. Themistoclcs mentions the Brahmans light- 
ing at a distance with lightning and thunder. (Journal 
of ihe Chemical Education ,, 25, 272, 1948). 

ON COAL ECONOMY 

Tiik world consumption of coal is probably of 
the order of 1,200 million tons a year, from which 
supply 70 per cent of the world’s energy require- 
ments are generated. The per capita rate of energy 
consumption in the U. S. A. is more than live times 
the world average, 7,000 watts compared with 1,300 
watts. In Great Britain, owing to increased effi- 
ciency in utilisation, at least four times as much use- 
ful energy is derived from a ton of coal as compared 
with two generations ago ; but there is still room 
for much improvement. 

The rate of heat release which can be obtained 
from a particular fuel depends upon (a) the prepara- 
tion of coal, and (6) furnace and combustion cham- 
ber design. For example, 'the ash content can be 
reduced by cleaning, excessive swelling properties 
can be reduced by pre-oxidation, and the nature and 
proportion of volatile matter can be modified by low 
or high temperature carbonisation, and it is possible 
that the evolution of volatile matter during com- 
bustion can be modified by chemical means. 

To come to practice, samples were taken of ^de- 
posits in the boilers of 40 power stations. By relat- 
ing the analysis of the physical and chemical pro- 
perties of the deposits to the type of coal consumed 
and the combustion system in operation, it was pos- 
sible to ascertain which types of coal were likely to 
cause least deposit and thus to increase the efficiency 
of each type of boiler and reduce the time it was out 
of action for cleaning. Smoke is due to incomplete 
combustion of coal and the conditions in which smoke 
is reduced to a minimum are specially difficult to 
secure when boilers are fired by hand. During the 
war it was necessary to reduce the smoke from hand 
fired boilers of ships in convoy and a smoke elimi- 
nator was devised which not only had the desired 
effect of reducing smoke, but also redtfeed the con- 
sumption of coal. The devise lias been used with 
savings of up to 10 per cent on hand ‘fired Lancashire 
boilers. . 

The effect of fuel consumption achieved by 
thermal insulation has so far taken place mainly on 


the basis of laboratory tests but large scale experi- 
ments are now being carried out on complete houses. 
The temperatures maintained in a group of experi- 
mental J louses, with families living in them, are be- 
ing measured by remote recording of instruments at 
a central station, with flic object of determining the 
relation between fuel usage and the thermal condi- 
tions obtained. By carrying out a heat balance, it 
will lie possible to measure the efficiency of the 
heating appliance, and the effect of the thermal in- 
sulation. 

Researches are at present going on at the Ministry 
of Works to see how the new devices developed at 
the Fuel Research Station can be incorporated in 
dwellings designed to make the best use of the heat 
provided and to minimise the heat losses. Large 
economy can only take place by modifying existing 
equipment, and research is badly needed into 
methods of increasing the efficiency of ordinary 
domestic fires and into providing cheap means of 
increasing the insulation of the houses. The distri- 
bution of heat losses from a typical pre-war small 
house is roughly in percentages, external walls 28, 
window 12, ceiling and roof 15, ground floor 9*5, 
external doors 1*5, ventilation 30, hot water run to 
drain 4. Much could and should be done by in- 
sulating the various points of heat loss, but by far 
the easiest way to reduce loss of heat would be to 
adjust ventilation which accounts for 30 per cent 
total loss. 

The fuel requirements of the industry are the 
product of the steel tonnage and fuel per ton of 
steel. The improvement of the latter figure has 
been going on slowly but steadily ever since steel 
making assumed its modern form around 1860. 
Nearly every stage from ore to finished steel pro- 
ducts requires fuel, the latter stages of manufacture 
of some finer forms of steel taking more fuel per ton 
than the actual steel making. A recent full scale 
research on the Siemen’s open hearth furnace showed 
that full use of existing instruments offered the pos- 
sibility of reducing the time of a single cast by 10 
to 20 per cent, with a corresj loading reduction of 
fuel and that more exact control of the combustion 
conditions could reduce the fuel. (The Advance- 
ment of Science, 5, 46, 1948). 

SULFA DRUG FOR CHOLERA 

Possibly future weapon against cholera, dysen- 
tery, and some other intestinal infections, phthalyl- 
sulfacQtimide lias saved lives of 97 out of 100. 

A new sulfa drug that may be the weapon of the 
future against cholera, dysentery and some other in- 
testinal infections was announced at the Congress of 
Tropical Medicine and Malaria meeting in Washing- 
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ton by I)r Harry Seneca, research associate at 
Columbia University College of Physicians and 
Surgeons. 1 

The drug is called phthalylsiilfacetiniklc. It was 
developed by Dr Seneca and Dr Edward Henderson, 
director of clinical research of Sobering Corporation. 
They were sucking a drug for dysentery and other 
similar infections that would be safe enough and 
cheap enough to be sold over the drug store counter 
like aspirin. 

When the cholera epidemic broke out in Egypt 
Dr Seneca flew to Egypt in October with a supply 
of the drug. 

Some 500 patients vvery treated. Because of the 
chaotic conditions and lack of trained personnel, 
adequate records could be got on only 43. But of 
these 43, only one died. That gives the new drug 
a record of saving lives at the rate of about 97 out of 
100 in an epidemic in which almost 50 out of every 
100 died. The drug's success in cholera. Dr Seneca 
said, .depends on its being given within the first three 
days of sickness. 

The drug has been given to patients in the New 
York area suffering from ulcerative colitis and from 
acute intestinal inflammation. In the latter condi- 
tion, some patients were relieved of symptoms in one 
day and all nine were cured on the tilth day. Of the 
28 ulcerative colitis patients, 18 improved when 
given the drug. The drug is not expected to cure 
this condition, but to clear tip secondary infection 
and give the ulcers a chance to heal. 

Success of the drug and its safety are believed 
due to its unique ability to penetrate the walls of the 
intestines without being absorbed into the blood 
stream. It is given by mouth either in pills or in a 
powder dissolved in milk or water. It is not yet. on 
the market. (Science News letter, May 29? 1948), 


FLIGHT TRAINING ON GROUND ^ 

Pilots of the future, particularly those who 
handle giant passenger airplanes, will receive much 
of their training without leaving the* ground. This 
will be the training that has to do with operation 
techniques, and the ground-training is made possible 
by the development of a huge electronic-mechanical 
device in a model of a cockpit with all the hundreds 
of dials, levers, switches and controls which a pilot 
encounters in a plane. 

This device is called the Electronic Flight Simu- 
lator. It reproduces in exact detail the flight deck 
or cockpit of the airplane whose performance' it is 
designed to reproduce. It incorporates all the exist- 


ing aerodynamic data upon which the plane itself 
was produced. Without leaving the ground, it can 
accurately simulate any condition of flight of which 
the plane itself is capable. 

The simulator was conceived and designed by 
Dr R. C. Dehind of the Curtiss-Wright Corporation, 
with the co-operation of Boeing Aircraft Company. 
It is a complete replica of the Boeing Stratocruiser- 
type giant transport cockpit. The instruments and 
controls function precisely as in the real airplane. 
The device* has just been purchased by Pan Ameri- 
can Airways, and will be used in pilot training for 
handling Pan American Stratocruiscrs. Similar 
simulators can be built to aid in training for other 
planes. 

This flight simulator cost some $250,000 to build, 
and this does not include the cost of ten years of 
research work which preceded its actual construction. 
It looks like a lot of money to pul into one training 
device, but as a 4 training plane* it can handle four 
times the number of flight and ground crew s at a tenth 
the cost and in a fraction of the time involved in the 
use of an actual airplane. V 

One important feature of this new flight simula- 
tor is that the entire operating crow, co-pilot, 
engineer and others, are trained at the same time. 
An instructor behind them operates switches which 
activate the pilot’s dials to indicate trouble w r ith fuel 
flow, wrong oil pressure, carburettor icing, faulty 
spark plugs and other difficulties. Pilot response is 
noted by him, and also the corrective action taken. 
(Science News Loiter, May 22, 1848). 


INTERNATIONAL DEPOT OF MICROSCOPIC 
PREPARATIONS OF CYTOLOGY 

This International Union of Biological Sciences, 
is the sponsor of the project \>f an International 
Depot of microscopic preparations of cytology, 
animal and vegetable. The plan originally proposed 
l)v the late Prof. V. Gregoire could not, be given 
effect to owing to the International situation, and 
the state of war. 

It is now proposed that the laboratory of Cyto- 
logy of the Carnoy Institute, at Louvain (Belgium) 
would group together preparations obtained from 
numerous research centers, and having already been 
used as basis to previously published works. Each 
worker, interested in a definite problem, could thus 
compare with his own documentation, the ■ original 
microscopic documentation of other authors rela- 
tive to the same matter. It is hardly necessary to 
underline the considerable interest that a Depot of 
this kind, would acquire and also how much it would 
favour a good understanding amongst workers? and 
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would smooth out many difficulties and vain con- 
testations, which are inclined to till up scientific 
literature. 

But this result can only be obtained with the 
greatest comprehension and collaboration of the 
greatest number possible of cytologists. L’JU.B.S. 
invites them therefore, from now onwards to send 
their works to the Laboratory, and enclosed with 
them several preparations having already been used 
as basis to published works and to review such 
deposits in the future. It is desirable that the spots 
considered by authors as particularly demonstrative 
or used as published illustration should be specially 
noted on the preparations as clearly as possible. It 
is also requested that a sample of the published work 
should be attached when sent. 

Kvery Biologist, known for his publications - 
and any other person, possessing ail authorized re- 
commendation — will be able to consult and study, 
as much as they like, all preparations which have 
been entrusted to the Depot ; the consultants will 
have at their disposal, the Laboratory, necessary 
optical instruments etc. All work must be done within 
the Depot, except if a written permission is granted 
by the depositor. 

The preparations will always remain the entire 
property of the depositots , who can at any time, 
have them sent back to them the cost of postage 
would then be paid by the administration of the 
Deposit. 

Prof. P. Martens, Director of J. 1L Carnoy 
Institute, at Louvain (Belgium) will act as the 
Administrator of the Depot. 

METEOROLOGY IN RUSSIA 

This study of synoptic and climatic meteorology 
is energetically pursued in U.S.S.R. as evidenced 
from published reports slowly reaching this country. 
A very thorough study of the overall climatic 
changes in Russia from 1760 to 1945 are brought out 
by K. S. Rubinshtein in an 83 page report entitled 
“K problenie izmeneuijia klimata", (Glavnoc Uprau- 
lenie Gidrometeorologicheskoi Sluzhbv, Trudy, 
Nauchno-issledovatelski kh Vchrcz hdenii, Lenin* 
grad-MoscovV, 1946) and by A. Khrgian, “Russkie 
Sinoptiki XIX veka ikh ol V nauke”, (Meteorologia 
i Gidrologia, Informatsionnyi Sbornik, 2:44-50, 
1946). Various characteristics are considered such 
as mean temperature, pressure, precipitation, cloudi- 
ness, humidity, wind, etc., to determine whether 
there is any factual data showing* a real change in 
climate or an apparent fluctuation around a mean 
Value; By the use of << 10-year-overlapping-means M , 
time-graphs are drawn from records at places in 
Northern and Southern hemispheres and it is shown 


that for Arctic regions and in the Soviet Union a 
distinct general wanning up w T as evident in the past 
30 years. Increased stability of circulation patterns 
in recent years as compared with the past was also 
discovered especially as recorded by persistence data 
for temperature in the North Atlantic and Green- 
land. The article also outlines problems of future 
research and a discussion on the applications of 
statistical research to medium and long range fore- 
casting, details of which are proposed to be dealt 
with by the first author in a subsequent publication, 
Russia was one of the most advanced countries of 
the world in dealing with observational methods and 
climatology while synoptic discoveries were con- 
siderably suppressed. That both these are now ener- 
getically pursued in the* Soviet Union is a fact which 
will hearten all meteorologists in particular and 
scientists in general for the outer world will have the 
opportunity of knowing their secluded findings. 

s! K. 


N. L. BOR 

Dr. N. L. Bor, the well-known authority on the 
taxonomy of India Graces, is appointed Assistant 
Director, Royal Botanic Gardens, Kew (London). 
Dr Bor was a member of the Indian Forest service 
from 1921-46 and for sometime held the office of the 
Deputy Conservator of Forests, Assam and acted as 
Inspector -General of Forests, Government of India 
in 1939. Excepting the years 1937-42, when he was 
the Forest Botanist at the Indian Forest Research 
Institute, Dehradun, I)r Bor was actively connected 
with administrative office from 1931 till his retirement 
in 1946. He was the Political Officer of the lialipaia 
Frontier, Assam (1931-34) ; Deputy Commissioner of" 
Naga Hills (1935-37) and Chief Administrator, Burma 
Refugee Organization for the Evacution, Reconstruc- 
tion and Rehabilitation oil the North-Kast Frontier 
during world war II (1942-46). 

In spite of these heavy responsibilities as an Ad- 
ministrative Officer, Dr Bor has a distinguished 
record by his contribution to Indian Botany and has 
published a large number of papers and books. His 
monograph on “Graniineae” (Grasses of Assam) 
published in the 5th Volume of the Flora of Assam 
and Grasses of U. P., published in the Indian 
Forest Records have considerably added to our know- 
ledge of the Indian grasses. has also published 
a series of papers in the Journal of Bombay Natural 
History Society, on beautiful climbers and shrubs of 
India. 

Dr Bor has also contributed to the Ecology of 
Assam and Nilgiri Hills and as president, Botany 
sectioq, Indian Science Congress at Baroda (1942) he 
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spoke on ‘Ecology : Theory and Practice*. Earlier, 
he obtained his doctorate for a thesis on the “Sync- 
colony of the Nana Hills*’. Since his retirement, 
from India, I)r Bor has made a detailed study of the 
Indian species of Poa, and describing new species from 
various parts of India. 

Dr Bor was awarded the Paul Johannes Briihl 
Manorial Medal by the Royal Asiatic Society of 
Bengal in 1943 for the most outstanding botanical 
investigations carried out in Asia since 1938. He 
was elected President, India Botanical Society for 
the year 1945. 

Dr Bor is a fellow of the Linncan Society of 
London, Royal Society of Edinburgh, and National 
Institute of Sciences of India. He was made a C.I.Ii, 
in 1945. 

CHITTARANJAN SEVASADAN CANCER INSTITUTE 

Tim foundation stone of a Cancer Institute, to 
be attached to the Cliittaranjan Scvasadan, a women’s 
hospital in Calcutta, was laid by Dr B. C. Roy, 
Premier and Minister-in-Chargc of Health of West 
Bengal on June 5 last. 

Laying the foundation stone, Dr Roy referred 
to the sacrifice made by tlu* great leader late Desh- 
bandhu C. R. Das in wlicme memory the Institute 
was to be named. The Institute will be equipped 
with the latest apparatus for the treatment of cancer 
either by radium, deep N-ravs or operation and will 
be the only one of its kind in India. The X-ray 
apparatus will include a million-volt projector and 
it will be one of the eight such machines existing in 
the world today. The hospital will be stocked wit 1 * 
1,000 milligrams of radium being the gift of 
Calcutta business magnate. The Institute will under- 
take research into the treatment of cancer by experts 
who arc now undergoing specialised training at 
New York Memorial Hospital, Stockholm Radium- 
hamlet, and London Royal Free Cancer Hospital. 

Inviting Dr Roy to lay the foundation stone, 
Dr Subodh Mitra on behalf of the Committee of 
Management of the Institute, said that since the* 
establishment of the Cliittaranjan Scvasadan in 1926, 
special attention had been given to the cancer cases 
in the hospital. Dr Mitra claimed that 95 cancer 
cases were cured at the Scvasadan , an achievement 
not duplicated elsewhere in India. 75 per cent of 
the patients admitted hereafter will be treated free 
Of charge. 

Continuing Dr Mitra said that recent statistical 
enquiry although very inadequate showed that 
roughly a million people were suffering from this 
disease in India and that arrangements for treatment 
were very little. 

A total sum of Rs. 30,00,000 will be required 
for building and equipment of the Institute, of 


which one-third have beer* raised and for the balance 
they have approached for a subvention from the 
Governments of India and West Bengal and the 
public. 

THE DAMODAR VALLEY CORPORATION 

Tfiic establishment of The Damodar Valley Cor- 
poration as announced earlier (See Science and CuP 
lure , 13, 246 and 288) came into formal existence in 
Calcutta from July 7 last. ‘The Damodar Valley Cor- 
poration Act, 1948* also came into force with imme- 
diate effect. 

Sri vS. N, Mazumdar, I.C.S., of the Bihar cadre 
and who was until recently the Administrator of the 
project is appointed Chairman of the Corporation, 
with Sri P. P. Verma, Member, Indian Constituent 
Assembly and Prof. B. C. Oulia, Editor, Sciknck and 
Cm /Turk and Sir Rashbchary Ghosh , Professor of 
Applied Chemistry, Calcutta University as Members. 
According to the act, the Chairman and Members 
will hold ‘office for five years. 

The headquarters of the Corporation is now at 
the Anderson House, Alipore, Calcutta, but it will 
be shifted to some convenient place in the Damodar 
Valley in Bihar as soon as possible. 

Dr Sudhir Sen (See Science and Culture, 13, 
385) and Sri N. R. Chakravorty are appointed rs 
Secretary and Financial Adviser to the Corporation 
respectively. They will hold office for three years. 
It is estimated that the construction of the dams on 
the Damodar and its tributaries will take seven to 
ten years. 

ANNOUNCEMENTS 

Dr vS. L. Ilora, Director, Zoological Survey of 
India, has been appointed Honorary Member of the 
Staff of the Botanic Gardens, Buitenzorg, in recogni- 
tion of his contribution to Tropical Zoology. 

Dr Panchanon Maheshwari,' Professor of 
Botany, and Head of the Department of Biology, 
Dacca University, has been elected a corresponding 
member of the Botanical Society of America and an 
Honorary Foreign member of the American Academy 
of Arts and Sciences. # 

vSri N. N. Chatter jee, head of the Depart- 
ment of Geology, Calcutta University^ will represent 
the Geological, Mining and Metallurgical Society of 
India at the Eighteenth International Geological 
Congress to be held at London from August 25 to 
September 1, 1948. 

Dr B. S. Ouha, Director of the Anthropological 
Survey will represent India at the forthcoming session 
of the International Congress of Anthropological and 
Ethnological Sciences, to he held in Brussels from 
August 15 next as announced earlier. • 
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Dr Gyan Chand, late of the Indian Educational 
Service and Professor of Economics, in Patna 
College, has been appointed Officer on Special duty, 
in connection with the working out of the details 


of the Proposed Planning Commission which was 
announced as part of the Government’s industrial 
policy in the Constituent Assembly in April last. 


BOOK REVIEWS 


Modem Magnetism — By L. F. Bates, Second Edi- 
tion, 1948. (Cambridge University Press). 

The appearance of the revised second edition of 
Professor Bates 1 book on Magnetism will be wel- 
come by all experimental workers in this line, as 
well as by the students who would like to have a 
clear idea of the modern developments of the sub- 
ject, shorn of abstruse quantum mechanical exposi- 
tions. The book does not claim to be a complete 
review of all experimental works up to date, which 
the interested reader may refer to a few other books 
which have recently come out. The book also gives 
very valuable references to original works and papers 
which are interspersed throughout the book. The 
real value of the book lies in the fact that though it 
contains a good collection of experimental data, the 
reader never loses sight of the theoretical aspect of 
the subject which these data go to support. In the 
first few chapters both the experimental as well as 
the theoretical are treated in a very lucid and elegant 
manner. The latter portions contain mainly the 
descriptions of the expeirmental works done by 
different workers and the results obtained therein. 
The theoretical treatments are mostly too brief and 
sketchy, but inspite of it the discussions very lucidly 
brings out the physical ideas related with the topic. 
Every chapter of the old edition has been suitably 
revised in the light of modern developments, 
wherever it was possible to do so without introducing 
discontinuity in the subject matter. Of the six 
entirely new chapters added the last three deal with 
entirely new problems which of late have acquired 
a great deal of interest. They could conveniently be 
treated in detail in a supplementary volume. The 
Chapters XI-XIII and most of the additional notes 
on Pp. 424-426 might have been more suitably 
incorporated in earlier chapters. This would have 
given us a better mode of assessing the value of the 
modern theory of magnetism in respect of the experi- 
mehtpl results b<?th old and new. Of course, we 
admit this would have meant writing an entirely new 
book as '•Prof . Stoner had to do in the case of the 

5 


revised edition of his celebrated book. This, how- 
ever, we think would have been worth while, 
coming from Prof. Bates. 

Due to this unwillingness of the author to 
plunge into a new attempt aiming at a full exposi- 
tion of the whole subject, the readers are liable to 
stumble somewhat in going through the book. 
Sometimes also it becomes rather difficult to keep 
the link between expositions in earlier chapters and 
the more modern experimental results described 
later. For example, certain amount of confusion 
arises (p. 49) when, dealing with the crystalline 
electric field in para-magnetics, the author is still 
constrained to think in terms of a Curie-Weiss* Law 
in analogy to ferromagnetics above Curie tempera- 
ture, as indicating the part played by the crystalline 
electric field. Indeed such a law has no significance 
for the ordinary paramagnetics and should be 
altogether avoided. It may perhaps also confuse a 
student somewhat if he finds it stated (p. 47) that 
interchange interaction is commonly responsible for 
orbital quenching in most of the salts of the iron 
groups ; or again that the orbital momenta are 
separately quenched even though the Russcll- 
Saunders coupling remains intact ; or again spin 
momenta are not affected by electrostatic fields (even 
leaving aside second order effects this is not true). 
Much of the existing confusion in the exposition of 
the theory of para-magnetism in the existing litera- 
tures has been clarified by the work of single 
crystals, of the Indian School of Magnetism at 
Calcutta and some more details of this work might 
have been profitably included in the book. 

In most cases the formulae have merely been 
stated without even an indication as to how they arc 
deduced. At least in some of these cases the 
theoretical deductions should have been given at 
greater length to the benefit of a good number of 
readers. For instance, Heisenberg’s theory of 
Ferromagnetism deserved some more space and 
Becker’^ theory of Magnetostriction processes and 
its relation to Weiss constant In a few places 
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figures are not given ; some times these cause a good 
deal of difficulty in following the. experiments des- 
cribed, c.g., Ochscnfeld's experiment described on 
p. 258, Chapter VIII. 

A list of symbols used in different chapters with 
their significance would also be of much use. 

However, inspite of a few such shortcomings the 
book will be invaluable for all research workers and 
students in the subject, for its new mode of approach 
to the subject and for the inclusion of such matter 
which are not available in other books. 

A, B. & P. K. C . 


An Introduction to Electrochemistry — By Samuel 

Olasstone. D. Van Nostrand Company Inc. 

New York. Second printing, 1946, Pp. vi + 557. 

Price 31 /6s. net. 

It is rather difficult to realise the scope of this 
book, neither supplementing nor superceding the 
author’s standard book on the Electro-chemistry of 
Solutions, and therefore the arguments in favour of 
the book given in the preface do not appear convinc- 
ing. An Introduction to any branch of science 
should develop the fundamentals more than the 
details. This Introduction does not satisfy this 
criterion to the desired extent. It must, however, 
be admitted that the summarising of our present 
knowledge of some of the subjects dealt until in the 
book has been clone in the masterly way of the author. 
In several chapters or sections,, a lack of balanced 
treatment of the subject matter has become promi- 
nent. For instance, the value amplifier circuit for 
e.m. measurements could be discussed in greater 
detail than the method of Poggendorff. The experi- 
mental results on the thermal properties of strong- 
electrolytes have not been discussed consistent with 
the mathematical treatment. 

The problems given at the end of each chapter 
are instructive and no doubt a welcome feature. 

A number of lapses and apparently confused 
statements have been noticed. Some of them require 
mention. 

P. 144, line 10, para. 3. logf + ™ Azf sj fx and 
lofg_. -- - A z.= vV instead of the z’s being squared. 

P. 161, section on Triple ions: The words 
‘increases’ and ‘decreases’ should interchange. / 

P. 179. In finding the value of in 

\ o T / p 

equation, 125), it is not only sufficient to remember 
that K (kappa) involves T~* but also V”* and 
IV*. 

1 P. 196. A confusion is possible by the use of the 
word ‘transfer’ of matter in describing the process 


occurring in a cell without transference. In the sen- 
tence beginning after eqn.(5), it is possibly meant 
that the removal is of one mole of hydrochloric acid. 

P. 273. Cvo + and C V o* should interchange 
positions, or the signs preceding the logarithmic 
terms reversed. 

P. 385. The volume V i and V 2 should be in 
litres. 

P. 404, line 4 from bottom. The statement 
made does not follow as a logical consequence of 
what lias been said above. 

Several other obvious mistakes appear on pages 
19, 150, 178, 206, 324, 325, 362, 433. 

S.K.M. 


Modern Cereal Chemistry — Bv I). W. Kent-Jones 
and A. J. Amos. Published by the Northern 
Publishing Co. Ltd., Liverpool, England, 1947, 
pp. 651. Price 50 sh. net. 

This book represents the pain staking efforts on 
the part of the* authors to include almost conclusively 
upto-date information regarding the science of cereal 
chemistry in a comparatively small volume. The 
book can be as much useful to a research worker, 
because of its valuable data and a number of refer- 
ences, as to a chemist ignorant of even the basic- 
principles of biological sciences, for such concepts 
are explained in an unassuming manner by the 
authors. 

The cereals dealt with include Wheat, Barley, 
Rye, ( hits, Maize, Rice, Soya and Potato the last 
being included due to its similarity to other cereals 
and its rare use as cereals. All the cereals are con- 
sidered from the viewpoint of their microscopic 
appearance, anatomy, chemical composition, the per- 
centage composition of the various constituents 
therein and role of different ingredients in deter- 
mining the quality and the consequent suitability of 
the grains for their use for various purposes. The 
common constituents of cereals are moisture, carbo- 
hydrate, protein, fat mineral matters in varying pro- 
portions in different cereals, the actual percentage 
composition as well as the quality of the components 
being very much dependent on the conditions of 
growth and also affected by the conditioning process 
and the thermal treatment. , 

Barley is used principally either for malting in 
connection with the brewing and distilling industries 
or for stock-feeding. For a chemist the acid test of 
a good barley is the chemical composition of the 
grain and in general it may be stated that starchy 
grain is characterised, as in wheat, by low and steady 
grain by a high protein content. In the production 
of malting barley a grain of good starch content is 
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always aimed at. For the production <>i bcci, the 
brewer is unable to utilise the carbohydrate matter 
of barley in the form in which it exists in the barle> 
corn and so it must be first converted into malt by 
the process of germination or ‘mailing ’ when mor- 
phological, histological and various metabolic changes 
to get with the formation and liberation of enzymes 
take place. The starch and branny skins of any 
cereal exhibit certain distinctive features under the 
microscope and the cereal or the cereals from which 
a milled product has been prepared can, therefore, 
be determined by microscopic examinations. In the 
case of rve-flours it is impossible to wash out gluten- 
a gliadiu glutemin complex as can be done in wheat 
flours. The characteristics of oat flour are ( i ) its high 
fat content, (ii) providing a better balanced ration, 

( lii ) presence of an anti-oxidant and its use to retard 
rancidilieation of oils and fatty products, (n>) lack of 
phytase causing rickets. The principal protein in 
maize is zein which yields no tryptophane or lvsme 
and hence possesses low biological value. 

Yellow maize is a useful souicc of carotene 
Milled rice prepared from parboiled rice 0 c un- 
hnsked rice steped m water, treated with steam and 
dried) is richer in Vit. B, than ordinary milled rice. 
Almost all the Vit. B t content of rice is concentrated 
in the bran. Soya products are used in the manu- 
facture of confectionery, bread, bakery products, in- 
valid foods, ice ci earns, chocolate, and sauces and 
are also utilised in the paint, paper and plastic 
industries. 

The data for composition of soya beans shows 
that they have a high nutritive value being licli in 
protein of high biological value, rich in oil and 
phosphatides as lecithin and contain useful minerals 
which have an alkaline balance and are useful source 
of Vit. A. Potato solids are similar to flour solids 
in carbohydrate content and the replacement of a 
moderate proportion of flour by potato-solids will not 
so reduce the calorific value of the bread. Such an 
addition improves slightly the liveliness ot the dough 
and extends the life of the loaf by retarding the 
progress of staling. Potato-flesh even at its natural 
moisture content of 75 per cent is very rich in Vit. B,, 
B 2 and even Vit. C, which is not present in wheateu 
flour. 

Wheat is a grain of special importance as it is 
most widespread. The present day milling technique 
aims at effecting a clean separation as far as 
possible, of endorsperm from the outer husks and 
germ. After extraction of the flour the residue left 
called ‘offal* is used for feeding live stock. The 
dough is a mass of starch and protein particles 
coveted by thin films of water. The protein gluten 
forms a complex colloidal system. For the dough 
of aj&y wheaten flour there exists a definite />H 


which will pioduce ^ie best bread. Dough is an 
example of redox system and during alcoholic fer- 
mentation redox potential changes. All these physico-^ 
chemical aspects of flour determine the quality of the 
bread made therefrom and have been investigated 
to a great extent. The flour and water do not yield 
merely a plastic mass, as do other cereals when mixed 
with water, but form a complex dough having elastic 
properties, which are distinctive of this cereal. The 
gluten absorbs about twice its weight of water and 
the starch takes up about 30 per cent of its weight 
of water. In general, this accounts for about 80 
per cent of the added water and the remaining 20 
per cent is held in the free state in the dough by 
capillary attractions. In baking the dough is kept 
warm at 80°F and the yeast then proceeds to ferment 
the sugars pre-existing in the flour. Further sugar- 
supply is provided by the diastatic enzymes of the 
flour which have been continuously producing 
maltose and other fermentable material since the 
dough was made. In consequence of its nature this 
tlougli is able to hold the maiority of the gas gene- 
rated within it. Diastase of flour consists of «*- 
amylase, /i- amylase together with activators and 
inhibitors. /J-amylase converts available starch into 
maltose and ^-amylase produces dextrin responsible 
for the glaze of the bread. Both flour and yeast 
contains protein and their action is important in 
dough ripening. The proteolytic enzymes of flour 
are present in a latent form and become active only 
when stimulated by reducing substances of the nature 
of glytathione existing in the flour. Phytase, an 
enzyme acting on plivtie acid and important in cal- 
cium metabolism is also present. Acid producing 
factors in dough are (i) C<) 3 produced by the yeast, 
(ii) Acid phosphate salts by the action of phytase on 
pliytin, (iii) Organic acids, chiefly lactic and acetic 
by the yeast and other organisms. Several instru- 
ments are now devised for the measurements, of 
various characteristics of the dough which work 
chiefly on the principle of the measurement of the 
strain produced by the application of some stress. 
For example, the amount of gas produced during 
fermentation is measured by the change in volume 
of a liquid at constant pressure or by the change in 
pressure at constant volume. Automatic recording 
of gas production and other characteristics has also 
been accomplished. A strong wheat is one which 
yields flour capable of making large loaves having a 
texture of a certain silky and finely vesiculated 
nature ; for this efficient gas producing and gas re- 
taining capacity is required. The relationship 
between the flour strength defined as above on the 
one hand and the viscosity and elasticity of. a dough, 
the quality and the quantity of the gluten, fat and 
lipoid content of the flour, and the behaviour of 
flour proteins when digested with various sak solu- 
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tioiis, on the other, is dearly brought out by the 
investigations of various chemists. Before milling 
‘conditioning * i.e. treatment, of wheat grain with 
moisture and usually also with heat is necessary, as 
wheat is then in a suitable condition for grinding. 
One of the best checks on milling practice is the ash 
test. The ash of pure endosperm is probably in the 
region of 0‘30 per cent while the ash of pure husk 
is about 8*9 per cent. By determining the ash con- 
tent of a certain flour an idea of the percentage of 
husk present can be obtained. The degree of granu- 
larity of a flour affects baking quality and there are 
methods available to determine the size of flour 
particle. 

The science of microbiology has a special signi- 
ficance in cereal chemistry as yeast causes and helps 
the panary fermentation and bacteria acts as a source 
of destruction. Moisture in cereals is present in two 
distinct states. Firstly usual moisture, which has 


but little influence on the chemical composition of 
the wheat or flour, secondly a possible moisture of 
constitution, which is much more closely bound to 
the flour. When driven off it may cau.se a profound 
alteration in the character and constitution of the 
flour. Moisture testing is very important. There are 
many methods for this and for the determination of 
mineral matters and vitamin contents in cereals. , 

The other uses to which the cereals can be put 
arc described in the chapters on “Balanced rations 
for live-stock** and “Wheat for special purposes.** 
The chapter on “The assay of Vitamin content of 
cereals and cereal products** have added much to the 
importance of this volume especially to the analyti- 
cal chemist and bio-chemists. 

M. C. N. 
& 

B. D . R. 


LETTERS TO THE EDITOR 

[The Editors are not responsible for the views expressed in the letters.] 


EFFECTS OF LIGHT AND WEATHER ON THE 
INVERSION OF SUCROSE IN THE SUGARCANES 

The action of inversion of sucrose in the sugar- 
canes when they stand on their roots as well as When 
they are cut off from their roots, lias been studied, 
at the Bahadur gurh Farm, Patiala for the last two 
years. The effects of the weather, thermal rays, light 
rays and ultra-violet rays have also been examined. 
Some of the important results are : 

(a) The percentage of sucrose decreases from 

bottom to top of the sugarcanes and the 
inversion takes place first at the bottom 
and then proceeds on to the top of the 
sugarcanes which stand on their roots in 
the fields. 

(b) The inversion takes place at one time 

throughout the whole cane which is cut 
off from its roots. 

(c) The percentage of sucrose in the canes 

standing on their roots increases as the 
time elapses provided the weather condi- 
tions arc favourable. But the percentage 
of sucrose decreases in the canes which 
are cut off from their roots, with tiin£, 


unless the weather conditions are favour- 
able.. 

(d) The inversion sets in the canes immediately 

after they are cut off from their roots, 
unless the weather conditions are favour- 
able, 

(e) High temperature ripens the canes very 

rapidly and accelerates inversion, while 
low temperature retards it, irrespective of 
the canes standing on its roots or cut off 
from its roots. 

if) Darkness reduces the action of inversion 
while the thermal rays, light rays, and 
ultra-violet rays accelerate it. 

(g) High humidity has very little effect on the 

action of inversion but it increases the 
percentage of juice in the canes. 

(h) Rain retards the action of inversion by 

lowering the temperature of the surround- 
ing air, lowers the percentage of sucrose in 
the canes, increases the percentage of 
juice and encourages the growth of the 
canes standing on their roots. 

( i ) In order to avoid or retard the action of 

inversion in the canes, it is essential that 
the cut off canes should be stored in a dark 
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place having low temperature (less than 
60°F) and high humidity (more than 
70 per cent). 

The above results, especially the last one, are 
encouraging and valuable. It is hoped that they will 
prove useful to all those who grow sugar canes in their 
farms and crush them in their factories for gut <>t 
sugar . 

The details of this paper will be published else- 
where. 

Thanks are due to His Highness the Maharaja- 
dhiraj Mahendar Bahadur of Patiala, for providing 
all kinds of facilities to conduct this work at His 
Highness* Farm, Baliadurgurh (Patiala). 

L- D. M AH A JAN 

Physics Research Laboratory, 

Mnhendra College, 

Patiala. 10-3-1948. 


It will be observed that as compared to cow ghee 
group, the bone ash of animals was less by 10 per 
cent when rats were fed with vanaspatis (Dalda and 
First quality) prepared from groundnut oil and 12 
per cent when vanaspatis of sesame oil (Temple and 
Rajhans) or of cotton seed oil (kotogem and Binaula) 
were incorporated in the diet. 

Details will be published shortly elsewhere. 

N. D. Kehar 
R. Chanda 

Animal Nutrition Section, 

Indian Veterinary Research Institute, 

Izatnagar, 20-3-1948. 

! Kehar, N. D., and Chanda, R., Science and Cui/ruRE, 14, 
33, 1948. 

J Kehar, N. D., and Chanda, R., Science and Culture, 13, 
426, 1948. 


NUTRITIVE VALUE OF VAN ASP A T1S-3 


Kkhar and Chanda 1 pointed out that the utilisa- 
tion of dietary calcium and prosphorus was adversely 
affected when vanaspatis were incorporated in a fat- 
free basal ration of rats. Effect of vanaspatis on the 
calcification of rat bones is presented here. 

Female rats in the early .stages of pregnancy were 
removed to a dark room. The youngs were weaned 
alter 28 days and equitably divided into groups. 
During the whole period of experiment, the animals 
were kept in dark-room. The ration fed to animals 
and the procedure adopted was the same as described 
by Kehar and Chanda 2 in studying the effect of 
vanaspatis on protein metabolism. The daily con- 
sumption of diet per rat was about 6-8 gins. In addi- 
tion, they also received carotene and calciferol supple- 
ments as in the previous experiment. 

After feeding the experimental rations for four 
weeks (the source of fat being indicated in the table 
below) the rats were killed and the fat free femur was 
analysed for bone ash. The average results of bone 
ash of six animals are given in the following table. 


.Source of fat. 


Cow ghee 

Hydrogenated ground nut oil — 

(a) Dalda m.p. 40-42°C 

( b ) First quality m.p. 40-42°C 
Hydrogenated Sesame oil~~ 

(a) Temple 
(o) Rajhans 

Hydrogenated cotton seed oil ~ 

(a) Kotogem 

(b) Binaula 


; Weight of 
j fat-free 
! bone. 

Bone asli 
percent. 

0^34 

83-1 

0*2199 

57-4 

0-2247 | 

56-3 

| 

0-2204 

I 54-6 

0*2303 ! 

! 

1 54*0 

i 

0-2147 

55-0 

0-2395 

53-4 


THE KOLHAN SERIES— IRON-ORE 'SERIES BOUNDARY 
TO THE WEST AND S.W. OF CHAIBASA, BIHAR 

The sedimentaries to the south, west and north 
of Chaibasa were all regarded by Dunn as belonging 
to the Iron-ore* series. 1 Later, he recognised the ex- 
istence in South Singhbhuin of a distinct formation, 
viz., the Kolhan series, younger than the Iron-ore 
series and the Singhbhuin granite 2 ' 3 . The Kolhan 
series consists of a basal sandstone-conglomerate, 
overlaid by local limestone and these by shales. 
Dunn observed that the main Kolhan basin of South 
Singhbhurn extends southwards from Chaibasa at the 
northern limit of the basin. The eastern boundary 
of this basin, against Singhblmm granite and Iron- 
ore series rocks was mapped by him from south of 
Chaibasa to beyond Noamundi, but the western 
boundary was considered uncertain. 4 Betwceu un- 
doubted Kolhan rocks to the east (mostly shales) and 
undoubted Iron-ore series rocks to the west, again 
mostly shales, a tract of country presents difficulty 
in precisely mapping the boundary, as pointed out 
by Dunn. 5 

The area immediately to the west of Chaibasa 
town was referred as an 'anomalous area*.* Here a 
small thickness of “fine sandstones, shales and slates, 
and dolomite lithologically utterly different from the 
adjacent Kolhan rocks'*, was found to overlie altered 
lavaschists, and pliyllite (which belong lo the Iron- 
ore series). The stratigraphic correlation of th.ese 
rocks thus becomes problematic. 

Intensive study of this 'anomalous area* by the 
present author shows that the sandstone, shale, dolo- 
mite, do not overlie the Iron-ore series, but are inter- 
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bedded with rocks of this age (Fin. 1). The dolomite 
is really a lenticular bed, underlain bv a thin shale, 
about .V - 4' thick and then by a quartzite sand- 
stone, 2' — 4' thick. The dolomite dips west and is 



I? io. 1. Sketch map of the so-called ‘anomalous area’. 


overlaid bv shales which continue westwards. These 
form the western limb of a north-pitching anticline. 
The quartzitic sandstone below the dolomite curves 
round to the north and is exposed as a thin band of 
quartzite in shales on the eastern limb of the anticline. 
These shales on the eastern limb are overlain by 
chlorite-schists and schistose grey wackes which are 
undoubtedly of Iron-ore series age. These latter rocks 
are not exposed on the western limb and presumably, 
they thin out towards west. The ‘anomalous beds' 
must therefore belong to the Iron-ore series. 

Shales similar to those of the ‘anomalous beds’ 
with interbedded sandstones and quartzites, and 
occasional pockety deposits of massive dolomite, cover 
a large area to the west and S.W. of Chaibasa. These 
areas are mapped as Iron-ore series. The uncertain- 
ties in the evidence stated above are due to : 

(?) Paucity of suitable exposures ; (ii) Similarity 
between the rocks of the two series as regards direc- 
tion of dip, and apparently in lithological characters 
too ; (iii) Absence of clear structural boundaries, such 
as thrusts ; (rr) Resemblance, in particular, of certain 
Iron-ore series sandstones and quartzites in this tract 
to Kolhan sandstone. 

luspite of the above difficulties, there is yet 
certain lithologic distinctiveness in each series, which 
is revealed in closer study: — 

(i) The pockety deposits of massive doloniitic 
limestone, as at Putada, W. of Chaibasa, on the 
Gumua river etc. offer a reliable evidence of the age 
of associated doubtful sandstones and shales. These 
magnesian limestones are sharply distinct from the 


non -magnesian, phvllitic, low-dipping, cleaved lime- 
stones of Kolhan age, as noted also by Dunn ; 7 
(ii) Schistose greywaekes and chlorite-schists are found 
in typical Iron-ore series rocks, but not in the 
Kolhans ; (iii) The Iron-ore series shales are com- 
monly well- jointed, grey to yellow ; while typical 
Kolhan shales are ill-jointed, and are mauve to buff 
in colour ; (iv) The grey and white arkosic sandstones 
intercalated within the Iron-one series, are so far 
unknown within the Kolhan shales. 

Looking at a different angle, certain distinctions 
are also noticeable in the heavy mineral composition 
of the Kolhan and the Iron-ore scries rocks : 

(a) Mauve zircon and action lite are present in 
the Iron-ore series, but arc absent from the Kolhans. 

(b) Tourmaline is much more abundant in the 
Kolhans. 

(r) Garnet and epidote, occasional in the Iron- 
ore series, are altogether absent from the Kolhans. 

Heavy minerals of the controversial rocks along 
the Gumua, S. of Nimdili (just S. of Chaibasa town) 
and near Lupungutn (22° 32' : 85° 47') gave heavy 
crops similar to those of the Iron-ore series. 

Lastly, rocks of doubtful affinities, intruded by 
granite, must be regarded as Iron-ore senes in age. 
Kolhan sandstones, just S.Ii. of Chaibasti, overline 
Singhbhum granite with an erosion unconformity. 
Granite sills of the Gumua, the Roro etc., only 
2 miles away, cannot but be considered as belonging 
to the Singhbhum granite ; besides, no Post- Kolhan 
granite has been recognized in Singhbhum so far. 
So rocks intruded by granites presumably belong to 
the Iron-ore series. 

The boundary (Fig. 2), as drawn here, is marked 
by evidences of faulting at most places, as shown by 



Fig. 2 
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the presence of clierty quartzite, which has bepu 
proved elsewhere to be due to siliciticaiioii along fault 
zones (also noted bv L)unn K ), and the occurrence of 
sheared sandstones and quartzites, particularly along 
the Gumua. 

I am deeply indebted to Prof. >S. K. Ray <>1 
Presidency College, Calcutta, under whose guidance 
the work has been carried out. 

Ajit Kvmak Saha 

G eol og i ca i Lab< >r at or y , 

Presidency College, 

Calcutta, 31-3-1948. 

J2 '‘Duun, J. A. A Inn. Geol. Sine. [tui., 54, PI. 17, 1929, 
Rc( Geol Shiv. I mi., 74(1 1 , 27-28, 1939; Mem. Geol 
Sit) v. hid., 63(3), 1940. 

' Ihinn, J A jikI I)r\, A. K, Mem Gcol. Sine, hid . 
69(2) , PI 40, 1942. 

“ Dunn, J. \.--Op. (it. 63(5), 309, 1940; Ibid, 301-362, 
1940; Ibid, 302, 1940; Op. Cit., 54, 25, 1929. 


GRAPHITE HEATING BATHS 

During the last World War, when metals used 
in low-melting alloy baths for heating in laboratories 
were scarce, attempts were made to use graphite as 
a substitute for ihese alloys. vSimilar investigations 
have been reported by Ilarber 1 and Lasser-Cohn.* 
The advantages of using graphite as a substitute for 
alloys in heating baths are : 

{a) Temperature can be very easily maintained 
constant and if a thin layer of graphite is 
used, the rate of heating will be fairly 
high. 

(b) Being solid, it can be heaped over heating 
vessels to cover exposed surface to some 
extent. When alloy-bath is used, big 
container and large quantity of material 
is necessary to attain the same end. 

(r) If proper grade of graphite is selected, any 
temperature up to 500°C can be easily 
attained and maintained with insignificant 
loss of material by prolonged use. 

Various grades of graphite from different parts 
of India and abroad have been tried, and Mada- 
gascar graphite was found to be the best. T1 k 
nearest approach to this grade are crystalline Indian 
graphite from East Godavari, Patna State and 
Travancore. Graphite before use should be treated 
as follows : — 

Small lumps of graphite should be crushed in 
a roller mill or* a burr-stono mill to separate individual 
flakes 5 as far as possible, without reducing the 'particle 
/ 


size too much. It should then be sieved and - 10 
to 50 mesh particles collected, and roasted in 
absence of air, preferably in saggers at a temperature 
between 700 to J000°C, cooled and washed with 
water and finally dried. 

Thus treated, graphite will not stick to the sur- 
face of the heating vessels, and w ill not fly off during 
setting up and removal of apparatus. 

K. K. Majumdak 

Department of Metallurgy, 

Indian Institute of Science, 

Bangalore. 

16 - 4 - 1948 . 

1 Harber, Industrial cV hm;hieniii$ Chcmisty, Anal. Kd.. 
13, 429, 1941. 

8 Lasoer-Colm, Organic Laboratory Methods, 1928. 


DEPOLARISATION OF SCATTERED LIGHT BY 
SHELLAC SOLUTIONS 

iW true nature of shellac solutions lias been a 
subject of some controversy. The tendency of shellac 
solution to form gel at higher concentrations and 
the rapid increase in viscosity of the solution con- 
taining more than 25 per cetil shellac have been ex- 
plained by Gardner 1 and Vcrman 2 on the assumption 
of colloidal nature of shellac solution. Pali t, 3 how- 
ever, has assumed them to be non -colloidal since 
they rapidly dialyse, pass through ultrafilters easily 
and are devoid of any Tyndall effect. An interesting 
method of study reported in the present note is the 
determination of the degree of depolarisation of 
scattered light which may be utilised to obtain in- 
formation regarding the nature of the dissolved 
units. As compared with other techniques, the parti- 
cular advantage of this method is that the three 
factors may be investigated simultaneously and their 
changes may readily be followed quantitatively. 

The degree of depolarisation is used to denote 
the ratio of the intensity of the horizontal component 
to that of the vertical component of the transversely 
scattered light. According to Mie 4 the degree of 
depolarisation with incident light unpolarised ( p u ) 
equals zero for spherical isotropic particles. As the 
size and/or anisotropy increase p u also increases. 
Subba Ramiah 5 and Krishnan 6 have shown that the 
measurement of depolarisation with incident light ver- 
tically ( p v ) and horizontally ( p„) polarised can give 
a clearer indication. Thus a finite value of p v is a 
definite indication of non-sphericitv or optical aniso- 
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tropy only, while a* value of p n nearly equal to but 
necessarily less than unity would indicate an appre- 
ciable size whereas small values of p n in the neigh- 
bourhood and zero would be an indication of aniso- 
tropy. Intermediate values of p n are determined by 
the joint influence of size and anisotropy. 

The results of depolarisation measurements by 
Cornu's method with alcoholic solutions of shellac arc 
summarised in table I. 


TABLE I 


r>/ 

/o 

of shellac 

I 

Pu 

P. 

Pm 

5 

i 

0*5390 ! 

0-3334 

0*5171 

10 

0-4924 ; 

0*2948 

0*5063 

• 15 

0*4781 ; 

0-2756 

0*4970 

20 

0*4459 

0-2596 

0*4933 

25 

j 

0-2482 

0*4885 

30 

0*3948 

0*2474 

0*4711 

40 

0*3857 

0*2428 

0*4611 

50 

i 0*3632 

0*2393 

0*4474 

60 

1 0*3486 , 

0*2390 

0*4143 

70 

j 0*3472 

0*2387 

0*4003 


The very first observation that can be made from 
the above table is that p n has got an intermediate 
value between 0 and 1, signifying that the depola- 
risation is due to the finite size and the anisotropic 
shape of the scattering units. That the scattering 
units are anisotropic is also clearly evident from the 
value of p v >o. But this conclusion as to the finite 
size of the scattering units would appear rather per- 
plexing for in the first place no stable colloidal 
micelle could be detected below 20 per cent shellac 
concentration, secondly shellac molecules are short 
compared to the wave length of light, and thus 
scattering cannot be ascribed either to colloidal 
micelle or to individual molecule. This anomaly, 
however, may be explained by assuming the existence 
of relatively large but loose molecular clusters, i.c., 
cybotactic groups, as has been done by Krishuan to 
account for the finite value of p„ for certain binary 
liquid mixtures. Secondly, it is evident that with 
the increase in concentration of shellac, p v gradually 
falls, signifying a decrease in anisotropy, i.c., the 
clusters become more and more spherical. 

Measurements were done with other solvents and 
mixed solvents, and it was found that the results 
were similar to that of ethyl alcoholic solution. 
There was no abrupt’ change in depolarisation factor 
at the gel point, signifying that gelation was not 
accompanied with sudden increase in particle shape 
or size. 

Best thanks are due to Dr P, K. Bose, Director, 
Indian Lac Research Institute, for his keen interest 
and to Dr J. Gupta, University College of Science 
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and Technology, Calcutta for the loan of the D.P.I. 
used in the present work. 

Sadhan Basu 

Indian Lac Research Institute, 

Namkum, Ranchi. 

19 - 4 - 1948 . 

1 Gardner, Ind. Eng. t hem. Anal . Ed., 1, 205, 1929. 

* Verman, Technical Paper No. 11 of London Shellac Re- 

search Bureau. 

* Palit, vS., ]. Ind. Chcm . Soc., 17, 537, 1940. 

4 Mic, Ann. d. Phys., 25, 337, 1908. 

* Suhba Ramiah, Proc. Ind. Acad . Sci., 1, 709, 1934. 

* Krishuan ,ibid, /, 211, 1934. 


ON CLEANING AND PRESERVATION OF 
BRONZE ANTIQUITIES 

Museums all over the world frequently receive 
bronze antiquities of various types. In India, metal 
images have been extensively used for religious 
purposes. Wide choice of metals was made for the 
manufacture of these images. An alloy popularly 
kntfwn to have contained eight metals (Astadliatv 
rendered in English by late Dr N. K. Bhattasali as 
octo-alloy) came to be largely used in eastern India. 
The alloy is chiefly formed of copper and tin and is 
found to have all the qualities of bronze. Usually 
these antiquities pass into the museums in extremely 
corroded state ; deep green incrustation commonly 
known as patina formed by oxidation of copper is 
found covering the images. Till recently this coating 
had not been considered injurious to the antiquities 
and the colour effect was appreciated for its aesthetic 
appeal. Observations have shown that if the patina 
is not removed in time the form and texture of the 
antiquities get impaired beyond control by corrosion. 
The usual practice with most of the museums is to 
get the antiquities cleaned by replacing the patina 
by a coating of thin varnish to act as a preservative. 
For cleaning bronze antiquities different chemicals 
arc used in laboratories. A solution of 2% caustic 
soda (NaOH) have been found efficacious. 1 In the 
Asutosh Museum laboratory we have been experi- 
menting with a solution of ammonium chloride 
(NH 4 C1), stannous chloride (S n Cl 2 ) and dilute hydro- 
chloric acid (HC1) for the last seven years with 
satisfactory results, 2 

Recently three bronze images from Orissa have 
been treated by three different processes. Of these 
two are of standing Gopala and the third one re- 
presents a nayika , belonging to the 16-17th century 
A.D. , * 
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The incrustation was* removed with the help of 
stannous chloride, ammonium chloride and hydro- 
chloride acid solution. The image was immersed in 
hot water after each application of the solution used. 
Finally a thin coating of linseed oil was applied for 
preservation. 

First the image was kept covered with cotton 
swab soaked in kerosene oil for 72 hours ; then 
rubbed with finely powdered brick dust. The 
incrustation having been removed a thin coating of 
linseed oil was applied. 

The third one was treated with the object of 
preserving the green patination so much appreciated 
for its effect. The superimposed crust was removed 
by rubbing with wire brush, but a thin layer of 
green incrustation was left on the surface of the 
image. After a day a thin coating of linseed oil 
was applied. 

The time required for cleaning and preserving 
the specimens was (1) 4 days in two weeks ; (2) 3 
days in two weeks ; (3) 2 days in two weeks. 

M. N. Basu 
K. Gan<;uu 

Asutosh Museum Laboratory, 

Calcutta University, 

28-4-1948. 

1 Vernon, W. II. J. aiul Whitby, L., Open air corrosion of 
copper, Jour. hist. Metals , 42, 181-82, 1929. 
a Basu, M. N., Cleaning of copper, bronze and brass speci- 
mens in Museum, SCIKKCK \ND CUI.TUKK, 6', 615, 1941 


THE HYDRATION OF EXCHANGEABLE CATIONS OF 
CLAY MINERALS AND SYNTHETIC RESINS 

The position of the exchangeable cations in 
clay minerals in relation to their crystalline nature 
has been largely clarified by means of electro- 
chemical and other physical chemical studies. So 
far as exchange reactions are concerned, different 
levels of binding of these cations with the clay 
minerals have been envisaged . 1 ’ 2 Moisture determi- 
nations coupled with chemical analysis and base ex- 
change measurements have enabled us to conclude 
that the exchangeable cations, including hydrogen, 
of ovendry clay minerals are present in a hydrated 
condition. 

When the clay minerals are converted into their 
respective hydrogen systems the whole (or a part) 
of the exchangeable cations is replaced by hydrogen 
ions. The original unconverted clay mineral on 
ignition of the ovendry material will lose a certain 


amount of moisture as a result of the expulsion of 
the OH groups present. The oven-dry hydrogen 
system will evidently lose a larger amount under 
such conditions as a result of the hydrogen combin- 
ing with the oxygen of the lattice. Ffom the base 
exchange capacity of the clay mineral the proportion 
of exchangeable hydrogen and consequently the con- 
tribution of the latter to the moisture loss can be 
calculated. The observed moisture loss is found to 
be greater than that calculated by assuming the ex- 
changeable hydrogen to be present as H + , but a 
close agreement is obtained if II + is assumed to be 
hydrated as 

The above arguments strictly apply to those 
minerals whose lattice structure, particularly in rela- 
tion to the exchangeable cations, are well defined. 
Muscovite mica suits best on these considerations. 
From tlie observed base exchange capacity (b.c.c. 
26 in.e. per 100 g.) of mica (KAl 2 (OH),Si 3 Al() 10 ) 
the amount of hydrogen mica formed by the usual 
procedure of leaching with dilute hydrochloric acid 
can be calculated on the assumption that by such 
leaching the potassium ion is replaced by the 
hydrogen ion. The moisture losses of the hydrogen 
mica would be either 4*80 per cent or 5*25 per cent 
according as the hydrogen ion is present as H+ or 
H.hO + . The experimental mean value is 5\32 ±:0'20 
per cent, so that the hydrogen ion is more likely to 
be present as 1I 3 0 + . 

Monlmorillonite has a variable structure and 
^ince the exchangeable hydrogen or other cations 
enter as a result of isomorphous replacement and 
balancing of charge, calculations similar to mica 
cannot be unequivocally made in this case. How- 
ever, an average molecular w eight of montmorillonite 
can be calculated from a knowledge of the moisture 
content, assuming an average value of x=4)33 in 
the molecular formula of montmorillonite (Al 2 Mg ) 

4 

xH+ or xH,0+ 

Si 4 O 10 (OH) 3f as given by Ross and Hendricks*. 
Knowing x (=0*33), the b.e.c. (-110 m.c. per 
100 g.) and the moisture content of the hydrogen 
montmorillonite, the moisture loss due to the expul- 
sion of lattice OH groups can be calculated and 
hence the molecular weight of the mineral, since 
one molecule of it corresponds to 18 gins, of OH- 
water. According as the exchangeable hydrogen is 
present as H ;i O+ or 11+ the molecular weight is 
calculated to be 338*0 or 247*0. From the formula 
the corresponding values are 365*6 and 359*6 respec- 
tively. The calculated value on the assumption of 
H.,,0 4 * is thus much closer to the theoretical and the 
difference between the two calculated values is in 
sharp contrast to that between the theoretical ones. 

Clay salts are generally prepared by adding 
equivalent amounts of alkali to the hydrogen system, 
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so that the resulting colloid is completely saturated 
with the cation (if the added alkali. The moisture 
losses on .ignition of even dry clay salts are found 
to be higher than that can he accounted for by the 
OH-groups of the clay minerals. It is therefore 
concluded that the cations replace the I1 3 0 + ions 
of the hydrogen systems in their hydrated forms. 
The degree of hydration is found to be of the same 
order as generally observed in other systems. More- 
over, in the different over-dry minerals a cation is 
present in almost the same degree of hydration. 

A synthetic cation exchange resin formed by 
the action of formaldehyde on resorcinol in the 
presence of an acid catalyst has been found by one 
of us (S.L.G.) to have a mean exchange capacity 
of 1242 m.e. per 100 g. of the oven-dry hydrogen 
resin under a favourable and optimum set of con- 
ditions. The theoretical value of such a H-resin 
(i.e,, without assuming hydrogen to be hydrated) 
can be calculated to be about 1560 m.e. per 100 g. 
Under no conditions a value as high as the theoretical 
could be approached. If, however, the exchange- 
able hydrogen of the hydrogen resin is assumed to 
be present at H a O+ 4 as in the case of hydrogen 
minerals ( i.e as H 3 0— resin), the b.e.c. of the 
corresponding H 3 0-resin becomes equal to 1220 m.e., 
a value much closer to the observed ones. 

The moisture and b.e.c. determinations have 
been made with extreme caution and the results 
(expressed on the basis of ignited minerals) have 
been verified by three or more reproducible measure- 
ments. Details will shortly be published elsewhere. 

Our thanks are due to Dr S. K. Mukherjee, of 
of the Department of Applied Chemistry, Calcutta 
University for his kind interest in the work and for 
giving full laboratory facilities. 


A. K. Ganguij 
S. L. Gupta 

University College of Science and Technology, 
Calcutta, 29-4-1948. 

7 v 


1 Mitra, Proc. Ind. Soc. Sci., 1942. 

8 Mukherjee & Mitra, J. Coll Scl , 1, 1947. 

* Ross & Hendricks, Geol. Surv. Prof. Paper 250-B, U. S. 
D. of Interior, 1943-44. 

4 Boyd, Schubert & Adamson, J. A. C. S., 69, 2818, 1947. 


ON THE CATHODO-LUMINESCENCE SPECTRA OF 
INDIAN CALCITE, DOLOMITE AND ARAGONITE 

Investigations on the cathodo-luminescence of 
calcites were carried out by Tanaka 1 and Yoshimura, 1 
and of dolomites and aragonites by Tanaka 1 who 


observed that the luminescence was due to rare- 
eartlis contained in them. 

Presence of rare-carths in Indian calcite, dolomite 
and aragonite, however, could not be detected by the 
authors by arc spectrographic analysis, carried out 
at 10 amps, 220 volts with Ei Quartz spectrograph. 
An attempt was then made to determine the rare- 
earths in these minerals which were effective as acti- 
vators for cathodo-luminescence. The method of 
excitation of the specimens in the tube was the same 
as that used in the previous investigation on Indian 
fluorites 2 . Each of the specimens of calcite, dolomite 
and aragonite was powdered and heated for 10 
minutes in a muffle furnace at nearly 800°C-1000°C. 
This ignited specimen was exposed to cathode rays 
in the tube just after the heat treatment and the 
current in the tube was kept at 4-5 mA, 4000 V being 
applied. Direct vision spectrograph, and Fuess 
Quartz spectrograph were used for taking spectro- 
grams both in the visible and the ultra-violet re- 
gions, the time of exposure being 3-10 minutes for 
different specimens. The identification of the line- 
like bands in the luminescence spectra of the speci- 
mens, observed under a ‘Comparator* of nearly 10 
times magnification, was carried out referring to 
Urbain*s data for the different system of rare-earth 
oxide in calcium oxide (R 3 O 3 -Ca0). 


TABLE I. 

Colour or Luminescence of Calcic, Dolomite, Aragonite 
and Activators for Luminescence 


i 

No. of T ... ! Colour of 

specimen j luminescence 


Activators of 
luminescence 


Calcite 


Yellowish ! 

PR 9609.. 

Giridih. 



white 1 

PR 9610 .. 

Udaipur. 

Greenish 


white 

Dolomite 



6115 

Marble 

Yellowish 


Rocks, ’ 

white, violet 

6093 

Jubbul- 
pore, C.P. 

tinge 

| Nr. Saidu- 
j wali, Salt 
! Range, 

1 West 
Punjab. 

Yellow 

Aragonite 


Yellowish- 

6679 

! 24 Miles 


| N. W. of 
! Nokhundi, 
Baluchis- 

white 


Sm, Dy, (Eu), Mn 
Sm, Dy, Eu, |Kr) 


Dy, (Sm), (Ku), Mn 
Dy, Mn • 


Dy, Mn 


tan. 


Our best thanks are due to Prof. M. N. Saha 
for his kind permission to use the Fuess Quartz 
spectrograph ; to Dr A. G. Jingran-and Mr G. X. 
Wakhaloo of the Geological Survey of Ii\dia for 
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kindly supplying these minerals ; and to the Director, 
Council of Scientific and Industrial Research for the 
grant-in-aid. 

B, Mukherjek 
P. B. Sarkar 

Department of Physical Chemistry, 

University College of Science and Technology, 

92, Upper Circular Road, Calcutta. 

9-6-1948. 

1 Gindins, Handbuch da anorg. chemic, 39, 45, 1938. 

3 Mukherjoe, B. and Sark nr, P. B., Sciknce and Cuijtjke, 
13, 209, 1947. 


FIELD TRAINING IN GEOLOGY 

The mineral wealth of a country has a vital role 
to play in its industrialisation, and the renascent 
India has not been slow to place the need for deve- 
lopment of its mineral resources in the position of 
priority in point of importance and urgency. The 
Geological Survey of India, to cope with the ever- 
increasing volume and variety of its work has of late 
been in the process of rapid expansion. The success 
of its programme, however, depends mainly upon the 
availability of suitable personnel. 

Apparently there* is no dearth of men. Recently 
for 14 posts of Geological Assistants for the Geologi- 
cal Survey of India there were as many as 170 appli- 
cants, consisting of B.Sc.’s and M.Sc.’s in Geology 
from different Universities of this country. 

The Geological Survey of India recently ran a 
training camp in the Central Provinces and Cliota 
Nagpur for its new recruits. Nearly a dozen post- 
graduate scholars of Geology also joined the training 
camp on the recommendation of their respective 
Universities. The total number of trainees was 26, 
all holding high degrees of different Universities of 
this country. During the period of training of nearly 
two months we, who were in charge of training them, 
had the opportunity of coming in close contact with 
the young geologists, and as such are in a position to 
make some observations regarding the scope and 
quality of their University attainments. 

We found the trainees, on the whole, quite well 
versed in the theoretical aspects of the geological 
science. In the absence of a corresponding amount 
of work in the field their knowledge, however, was 
unbalanced and to a large extent ineffective. In the 
initial period of the training it became obvious that 
most of the trainees, distinguished products of our 


Universities as they were, had yet to develop the 
i ight instincts of a field geologist. Observation is the 
keynote' of all Sciences, and this is specially true of 
a field science like Geology. No amount of class 
room lectures and text-book studies can replace it. 
Sound geological sense is born of hard and arduous 
outdoor work, without which book-learning is but 
dead matter clogging one’s mind and blurring one’s 
vision at every step in the practical application of 
one’s knowledge. 

We do not for a moment mean to underrate the 
value and advantage of a thorough theoretical know- 
ledge of the science to a student of Geology, but we 
feel that a considerable* shifting of emphasis towards 
the practical field aspects, towards the application and 
utilisation of the knowledge acquired, is long over- 
due. In most of our Universities the facility for field 
studies afforded to the students is extremely limited. 

It appears that very little systematic geological 
mapping is undertaken, and in few Universities is 
any field instruction in topo-survey imparted. It is* 
our plea that only by studying the rocks as they 
occur in nature can the theoretical instruction re- 
ceived in the lecture hall and laboratory be properly 
appreciated. 

In the past \\ hen recruitment, of our young 
graduates was confined to the subordinate positions in 
the Geological Survey of India, the initial deficiencies 
m their academic training would have ample time 
and opportunity to be adequately remedied during 
their period of tutelage under the experienced Senior 
Officers of the Department, Only after some years 
of training in the Department would they have been 
considered fit to be entrusted with the* independent 
execution of any responsible work. 

The conditions have changed. Those unhurried 
days are gone*. The ever-increasing demand on the 
services of the Geological Survey of India and the 
accelerated tempo of its activities make the conti- 
nuance of the old practice of slow* departmental train- 
ing impracticable. 

In these circumstances the responsibility of 
turning out scholars trained not only in theory but 
also in practical work, so as to be able to shoulder 
the responsibilities of independent work from the 
beginning of their professional career, devolves on 
the Universities. It is known that the inadequate 
arrangement for the field training of the students in 
our Universities is not due to any indifference on the 
part of the Professors, but is directly traceable to lack 
of the necessary financial allotments for the purpose. 
Implementation of any programme of systematic field 
training for the students involves expenditure ; but 
since the funds are not forth-coming the Professors 
are forced to teach the students as best as they can 
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in the class room. Sometimes again the Geology 
Department in the University is so badly understaffed 
that it cannot spare any of its Professors to take the 
boys out for field training for a period of any length. 

Our idea in writing this note is to impress ui>on 
the University authorities that if they really wish to 
qualify their students as true “Masters” of Science, 
which they call them, they must arrange for the im- 
parting of the full and harmoniously integrated train- 
ing on the subject to its votaries. We hope and trust 
the authorities will take our suggestions in the same 


spirit in which they are offered, and will not grudge 
the investment considering the rich dividend it is sure 
to pay in the not very distant future. 

B. C. Gum 
K. Dum 
P. K. Ghosh 
B. G. Deshpanuk 

Geological Survey of India, 

Calcutta 5-7-1948. 
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DEPARTMENT OF SCIENTIFIC RESEARCH— 2 


JN our previous editorial we have reviewed the 

growth in the activity of the Council of Scientific 
and Industrial Research and also discussed how far 
it could be fitted into the newly created Department 
of Scientific Research under the Prime Minister, 
which formed the subject of a recent Government 
communique. In the present article we propose to 
discuss another paragraph of the communique which 
is given below : 

‘The new Department will tender scientific advice to 
Governments, deal with ad hoc scientific research in univer- 
sities and research institutions, research scholarship in 
applied scientific subjects, international scientific unions, 
scientific liaison oftietr, the scientific consultative committee 
and such other subjects as may be transferred to it. 

The department will co-ordinate the scientific activities 
of other Ministries and in the work will be assisted by a 
co-ordination committee consisting of eminent scientists.’ 

A careful perusal has left the impression that 
Government have not quite made up their mind on 
the functions of this new Department and the com - 
muntqui represents their thinking aloud. At a time 
when such important decisions arc being made, a 
comparative study of how such problems are being 
dealt with in Great Britain and in the U.S.A. may be 
helpful. This article is written with this view and 
at the end certain suggestions arc made on the 
goyentinent proposals. 

^Research is a term with wide connotations and 
it is necessary tp have a clear idea of the different 
kind of activities Which are included in this word. 
A very, good classification of research activities ^ 
giv^p in Steelman's Report from which we give the 
follovving^extract : 

“Scientific! research may be divided into the following 
broad categories :* 

1* Basic research— (a) ^Fundamental research is 
research without * specific ends. It results in general 
knowledge and understanding of nature and its laws. 
This ^general knowledge provides the means of 
answering a large number of important practical 
problems* though it may not give a specific solution to any 
one of fflem. (b) Background research . is the systematic 


observation, collection, organisation and presentation of 
facts, using known principles to reach objectives that are 
clearly defined bt fore the research is undertaken, to provide 
a foundation for .subsequent research or to provide standard 
reference data. 

2. Applied Research is the extension of basic data to 
the determination of generally accepted principles with a 
view to specific application generally involving the devising 
of a specified novel product, process, technique or device. 

.3. Development is the adaptation of research findings 
to experimental, demonstration, or clinical purposes, includ- 
ing the production and testing of models, devices, 
equipments, materials, procedures and processes. It differs 
from applied research in that the work is done on products* 
processes technique or devices that have been previously 
discovered or invented. 

University Research . — We have next to consider 
how these different research activities are distributed 
amongst the principal agencies interested in research 
viz. Universities, Government and Industry. For the 
discovery of new scientific principles and their 
utilisation by the State and Industry, it is necessary 
to impart to each new generation training in which 
vScience is playing an increasingly important part ; 
it is in educational institutions; including colleges, 
universities, technological and medical institutions, 
that such training in cultural and scientific disciplines 
are imparted. In a constantly changing society, 
whose survival depends upon a rapid utilisation of 
new scientific discoveries for practical purposes of 
living, it is now generally accepted that at the 
University stage training in science must be intimately 
associated with training in methods by which new 
knowledge is acquired. Further the consensus of 
opinion is, that fundamental researches in science 
should be associated principally with universities ; 
at the same time it is recognized that other scientific 
institutions, Government agencies and industry are 
making increasing contributions to such fundamental 
discoveries. 

Batring the recent intrusion of totalitarian re- 
action in certain powerful States, the long straggle 
for academic freedom has secured for universities of 
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the western countries protection from many of the 
immediate pressure of conventions or prejudices. The 
university at its best provides the worker with a 
strong sense of group solidarity and security plus a 
substantial degree of personal and intellectual 
freedom. Both are essential for the growth of new 
knowledge. Speaking of university contribution to 
war research, Appleton’s opinion is “One* of the most 
striking results of wartime experience has been the 
brilliant success of our university research workers in 
solving war jiroblems entirely remote from their 
peace time interests. Various reasons have been 
advanced for this success. It has been pointed out 

that they had fresh minds What cannot be 

doubted is, that University conditions certainly do 
somehow generally ensure the maintenance of mental 
adventureness and lively imagination so necessary for 
scientific progress’'. 

The universities in this country are based upon 
western models and the principle of academic freedom 
has been taken over from them. We have had so 
far not to struggle for it, and we hope that the time 
will not come when struggle for academic freedom 
becomes an actuality in this country also. 

Government research . — A large amount of back- 
ground research is carried out in Government depart- 
ments and bureaus. These include surveys and des- 
criptions of basic facts and the determination of 
standards. Applied research and development form 
an important part of Government sciences in several 
fields, such as agriculture and in various special in- 
dustries where individual units are small and widely 
dispersed and where profit motives do not ensure 
the existence of adequate tesearch and development. 

This work is in addition to the very large amount 
of research and development undertaken by all 
Governments for defence purposes. In the U. S. A. 
during 1947, out of a total sum of $62*5 m. spent on 
national research and development, $500 m were 
spent on War and Navy and $125 in on civilian re- 
search. Out of the former $100 in were spent in 
Government laboratories and $400 in university and 
industrial laboratories by contracts, while of the re- 
maining $125 m, the proportion spent in Government 
and non -government laboratories were $100 m and 
$25 m respectively. 

Industrial research . — In the U. S. A. most of the 
important industrial comjianies maintain research 
laboratories, which have acquired deserved world- 
wide reputation for the fundamental and applied re- 
searches carried out in them. The Government there- 
fore do not actively undertake much research work 
on behalf of the industry, but give the industry aid 
in way of relief from taxation on expenditure in- 
curred by industry on research and development, and 
in the operation of patent laws. The relatively small 


scale of industrial production in Great Britain has 
necessitated in the Government undertaking a large 
amount of basic research in their own laboratories, 
and of applied research through those maintained by 
Research Associations. Regarding the necessity of 
the latter, Appleton remarks, “In considering indus- 
trial research in Great Britain, we are at once faced 
with the fact that over 98 per cent of our firms 
employ less than hundred workers, so that although 
it is admitted that research always pays a dividend 
if you do enough of it, to a small firm without con- 
siderable financial reserves industrial research on its 
own account must often appear as a risky adventure 
and beyond its means. This difficulty has been met 
to a considerable extent by the D.S.T.R. which is 
charged with the duty of encouraging research in 
industry. 

The main method by which we have done this 
is by the formation of research associations each on 
a co-operative basis to serve the needs of particular 
industries. These research associations are self- 
governing bodies formed on a national basis, financed 
mainly by the contributions of their in cipher firms, 
but supported bv substantial grants from the DSIR, 
the size of which is related to the amounts raised by 
the industries themselves." 

Rationalisation o) Government rcseaich . — We 
find that to an increasing extent science is being 
used as part basis for the formulation of Government 
policy, so that scientific knowledge is "■permeating 
every department. In Great Britain the question has 
been raised,’ how far can a central scientific depart- 
ment serve these executive departments and how far 
should they be supplemented by scientific staff and 
scientific work within the executive departments 
themselves. Two extreme views have been put for- 
ward ; according to the one, all science should be 
made in a central scientific department and none in 
the executive, while the other view is that each 
executive department should have sufficient staff to 
make all the science it needs in the discharge of its 
responsibilities. On grounds of economy, in Britain a 
large amount of common scientific .service is provided 
to all departments. Further it is proposed that each 
executive department should have a scientific adviser 
who can, (a) identify the problems in his department 
which are suitable for scientific treatment, ( b ) see 
that these problems are passed to the appropriate 
research bodies able to solve them and (c) interpret 
the incoming scientific material for the special pur- 
pose of his department (Appleton). Accordingly we 
find under the Lord President of the Council three 
departments of Scientific and Industrial Research, 
Agricultural Research and Medical Research. But 
even then there are scientific experts responsible for 
defense, trade, food, health, transport and so on. It 
is interesting to note that in the book 'Science and 
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the Nation’ brought out by the Association of 
Scientific Workers of Britain, proposals are made thal 
each Ministry should have its own scientific service 
suitably strengthened to make it fully effective. This 
would involve some Research Establishments at pre- 
sent responsible to the DSIR, or at least part of their 
work,' being transferred to the appropriate Ministry 
of the Board of Trade, the Ministry of Fuel and 
Power, Works, Transport, Health etc. At the same 
time background research such as that carried out 
in the National Physical Laboratory or general applied 
biological work may be kept under central control. 

In India under the Central Government, a 
variety of separate Departments and other bodies are 
responsible for research. Meteorology is under Com 
munication, Geological Survey is under Works, Mines 
and Powers, the Survey of India under Defense, 
Zoological and Botanical Surveys are under Agricul- 
ture, Medical research financed by Indian Research 
Fund Association, is under Health, Agricultural re- 
research is under Agriculture, Anthropology and 
Archaeology under Education, while the CSIK after 
being successively under several departments is now 
under the new department of Scientific Research. 
A. V. Hill’s proposal, which was referred in the 
previous article, is for the ci cation of a Central 
Organisation for Scientific Research, under which all 
government research, distributed amongst six boards, 
is to be concentrated. The actual practical steps of 
development would be still under the different 
Ministries of the Central Government. There would 
thus be a complete separation between basic research 
and development work. Recent trend of opinion is 
against such a step. Neither in the U. S. A. nor in 
the USSR has such centralisation of Government 
scientific research been either effected or contem- 
plated. We shall consider how centralisation at police 
level can be effected. 

This trend can be vciy well illustrated by con- 
sidering the existing state of Government research 
in the USA and the steps which have either been 
taken recently or are still in the stage of legislation. 
Previous to the last war, no formal effort had been 
made to coordinate government research which were 
carried out by the different State Departments, the 
principal ones being Agriculture, Army, Navy, 
Interior and Commerce. 

"The Federal Government is charged with primary res- 
ponsibility for national defense, development of standards 
of weights and measures, control of interstate commerce, 
navigation and navigable waters, post offices and post roads 
—now extended to civil aviation — and the public domain, 
which includes reclamation and conservation. Research 
hes been deemed a necessary adjunct to each of these. In 
, practice a broad view has been taken of the phases of our 
national life in which Federal Government has an important 
interest, health, education, recreation as well agriculture, to 
name (Ally a few. In some areas of research and develop- 


ment the national government maintains the primary 
research effort, e.g., in atomic energy, weapons of war, 
survey and mapping. In other fields it conducts experi- 
ments and other studies concurrent with similar efforts in 
ihe universities and industry, as in chemistry, geology and 
forestry. Federal program and policy determination for 
scientific research and development are now exclusively the 
concern of various departments and agencies. There is no 
focal point at which si ientifie policy of the government 
in general way may he formulated along consistent lines. 
Rutry by Government into many areas of scientific enquiry 
has been piecemeal and without adequate attention to othei 
scientific and related activities. Many of the complications 
of the situation were ot recent origin” (Steelman, III). 

It will be remembered how after USA’s entry 
into the last war, decision was taken to set up a 
civilian research agency in the executive department 
under Dr Vannevar Bush for the duration of the war, 
which would be supplied with Federal funds to work 
on ‘new instruments and instrumentalities of war’. 
In July 1944, when the war in Europe was entering 
itb last decisive stage, President Roosevelt appointed 
a committee with Dr Vannevar Bush as Chairman 
vs hose terms of reference included amongst others the 
following : 

"(d). What can government do now and in the near 
future to aid research activities by public and private 
organisations ? 

(4). Can an cllcctivc program be proposed for discover- 
ing and developing scientific talent in American youth, so 
that continuing future of scientific research may be assured 
on a level comparable to what has been done during^ the 
war?” 

It was in Hush's report that the ult a of a National 
Research Foundation was first broached, consisting of non- 
official scientists with an elected Chairman, which was to 
he entrusted with "the development and promotion of a 
national policy lor scientific research and scientific educa- 
tion, the support of basic research in nonprofit organiza- 
tions, development of scientific taknl in American youth by 
means of scholarships and fellowships' with the support 
of long range rescan It on military matter by means of 
contract or otherwise." 

A number of bills were introduced in the Senate, 
for implementing the proposals of Vannevar Bush, of 
which bill S520, introduced by Senator Smith found 
the largest degree of support amongst the non-official 
scientists, and was passed in the Senate on 23-7-47 by 
an overwhelming majority. We give below some of 
the important provisions of the bill. 

The Foundation was to consist of 24 members, 
to be appointed by the President by and with the 
advice and consent of the Senate. 

“The persons nominated for appointment as members 
shall be eminent in the fields of fundamental sciences, 
medical sciences, engineering, education or public affairs, 
and in making the nomination the President is to take into 
consider ation recommendations of representative scientific 
and educational organizations. An executive committee of 
nine ia to be. elected by the Foundation, from its own mem- 
bers,” 
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The appointment of a Director of Foundation is 
provided in 

Sec. 6. The Foundation shall have a chief execu- 
tive officer, who shall lx* known as the Director of the Foun- 
dation (hereinafter referred to as the “Director”) . The 
powers and duties of the Director shall be prescril>ed b) the 
executive committee and shall he exercised ami performed 
by him undei the supervision oi such committee 

The powers and duties of the Foundation are 
defined in 

Sec. 4 (d). The Foundation is authorized and directed — 

(1) to formulate, develop and establish a national policy 
for the promotion ot basic lesearcli and education in tlu* 
sciences ; 

(2) to initiate and support basic research in the mathe- 
matical, physical, medical, biological, engineering and 
other sciences, by making contracts or other arrangements 
(including grants, loans, and other forms of assistance) 
lor the conduct of such basic scientific lesearcli ; 

(3) to initiate and support scientific research in con- 
nection with matters relating to the national defense by 
making contracts or other arrangements (including grants, 
loans and other lorms of assistance) for the conduct of 
such scientific research ; 

(4) to grant scholarships and graduate fellowships in 
the mathematical, physical, medical, biological, engineer- 
ing, and other sciences ; 

(5) to foster the interchange of scientific information 
among scientists j» the United States and foreign countries; 

(7) to establish (A) a special commission on cancer 
tesearch, (B) a special commission on heart and intravas- 
cular diseases, (C) a special commission on poliomyelitis 
and other degenerative diseases, and (D) such other special 
commissions as the Foundation may from time to time 
deem necessary for the purpose of this Act. 

The source of income of the Foundation is given 
under Appropriation. 

Sec. 14. (a) To enable the Foundation to carry out 

its powers and duties, there is hereby authorized to be ap- 
propriated annually to the Foundation, out of any money 
in the Treasury not otherwise appropriated, such sums as 
may be necessary to carry out the provisions of this Act. 

(b) The funds hereafter appropriated to the Founda- 
tion, us herein authorized, shall, if obligated during the 
fiscal year for which appropriated, remain available for 
expenditure for four years following the expiration of 
the fiscal year for which appropriated. After such four- 
year period the unexpended balances of appropriations 

shall be carried to the surplus fund and covered into the 
Treasury. 

The scientific activities of the Government 
departments are to be correlated by the appointment 
of an Interdepartmental Committee of Science : 

Sec. 15. (a) There is hereby established an Inter- 

departmental Committee on Science, to 
consist of the Director of the Foundation, 
as Chairman, and the heads (or their 
designees) of such Government agencies 
engaged in or concerned with the support 
of scientific activity to a substantial 

degree as the President may from time 

to time determine. The interdepartment- 
al committee shall meet whenever the 
chairman so determines, but not less than 
once a month; 


( b ) The Interdepartmental Committee on 
Science shall gather and correlate data re- 
lating to the scientific research and scien- 
tific development activities of the Federal 
Government ; and shall make such recom- 
mendations to the President, the Founda- 
tion, and other governmental agencies as 
in the opinion of the committee will 
serve to aid in effectuating the objectives 
of this Act, of other legislations provid- 
ing lot Federal suppoit of scientific re- 
research and scientific development, and 
m preventing and eliminating unneces- 
sary duplication of such activities by 
department* and agencies <>l the Federal 
Government. 

Some of the important general provisions given 
in Section 16 are : 

( h ) In making contracts or other arrangements 
for scientific reseat ch, the Foundation shall utilise appro- 
priations available therefoi in such manner as will in its 
discretion best realize the objectives of (1) having the work 
performed by organizations, agencies and institutions, or 
individuals, including Government agencies, qualified by 
training and experience to achieve the results desired, 
(2) .strengthening the research staffs of organizations, parti- 
cularly non-profit otganizations, in the States, Terri- 
tories, possessions, and the District of Columbia, (3) aiding 
institutions, agencies, or organizations which if aided will 
advance basic research, and (4) encouraging independent 
research by individuals. 

(f) The activities of the Foundation shall be construed 
as .supplementing and not superseding, curtailing, or limit- 
ing any of the functions or activities (if other Government 
agencies (except the Office of Science Research and 
Development) authorized to engage in scientific research or 
scientific development. 

The proposals contained in the Bill, of con- 
trolling a large portion of the scientific activities of 
the State are on lines .similar to those proposed by 
the National Institute of Sciences of India (Science 
AND CULTURE; February, 1944). 

Such encroachment on the executive authority 
could not pass unchallenged, and on August 9, 
President Truman vetoed the Bill giving amongst 
others the following grounds : 

“This bill contains provisions which represent such a 
marked departure from sound principles for the adminis. 
tration of public affairs that 1 cannot give it my approval. 
It would, in effect, vest the determination of vital national 
policies, the expenditure of large public funds, and admi- 
nistration of important governmental functions in a group 
of individuals who would be essentially private citizens. 
The proposed National Science Foundation would be 
divorced from control by the people to an extent that 
implies a distinct lack of faith in democratic processes. 

Full governmental authority and responsibility would 
be placed in 24 part time officers, whom the President 
could not effectively hold responsible for proper adminis- 
tration. Neither could the director be held responsible by 
the President, for he would be the appointee of the foun- 
dation and would be insulated from the President by two 
layers of part-time boards. In the case of the divisions 
and special commissions, the lack of accountability would 
be even more aggravated. t. 
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The ability of the President to meet his constitutional 
responsibility would be further impaired by the provisions 
of the bill which would establish an interdepartmental com- 
mittee on science. The members of this committee would 
be representatives of departments and agencies who are 
responsible to the President, but its chainnan would be 
the director of the foundation. It would be the duty of 
this committee to correlate data on all federal scientific 
research activities and to make recommendations to the 
President, to the foundation, and to the other departments 
and agencies of the Government concerning the perform- 
ance of their functions in this field.” 

It has however been pointed out (Chart, and 
Eng. News 25, 2367, 1947). ‘‘At the present time 
another government research agency the National 
Advisory Committee for Areonautics with ail ad- 
ministrative organization similar to the proposed 
science foundation is operating most successfully .” 

In the mean time the Steelman Committee, 
appointed by the President, in their report on Science 
and Public Policy, voiced the views of the govern- 
ment scientists and executives on this subject. The 
main recommendations of the Committee have been 
summarized by them as follows : 

2. That heavier emphasis be placed upon basic re- 
search and upon medical research in our national research 
and development budget. Expenditures for basic research 
should be quadrupled and those for health and medical re- 
search tripled in the next decade, while total research and 
development expenditures should be doubled. 

3. That the Federal Government support basic re- 
search in the universities and non-profit research institu- 
tions at a progressively increasing rate, reaching an annual 
expenditure of at least $250 million in 1957. 

4. That a National Science Foundation be established 
to make gt*ants in support of basic research, with a Direc- 
tor appointed by and tespon.siblc to ilie Prebident. The 
Director should be advised by a part-time board of eminent 
scientists and educators, half to be drawn from outside the 
Federal Govemmeut and half fiom within it. 

5. That a Federal program of assistance to under- 
graduate and graduate students in the science be deve- 
loped as an integral part of an over-all national scholar- 
ship and fellowship program. 

6. That a program of Federal assistance fo univer- 
sities and colleges be developed in the matters of laboratory 
facilities and scientific equipment as an integral part of 
a general program of aid to education. 

7. That a Federal Committee be established, composed 
of the directors of the principal Federal research establish- 
ments, to assist in the co-ordination and development of 
the Government’s own research and development programs. 

Paras 4, 5, 6 contain recommendations on the 
support of non-governmental science, which are 
further amplified as follows: 

1. Develop sources of financial support for our colleges 
and universities to enable them to expand and improve 
their facilities and equipment, to increase their instruc- 
tional staff, and to raise salaries. This cannot be done for 
the physical and biological sciences alone, but only as a 
part of a general program. The specific ways of accom- 
plishing these objectives are now under study by the 
President’s Commission on Higher Education. But ways 
must be ^ound. 


2. Develop a broad program for the support of basic 
research in the universities and colleges. Basic research 
not only is of supreme importance to the whole develop- 
ment of science, but it is indispensable to the training of 
scientists. As already outlined in the first report in this 
series — “Science and Public Policy -A Program for the 
Nation”— support of basic research should be extended by 
establishment of a National Science Foundation respon- 
sible to the President and a share of the money expended 
should be used to build up and strengthen the wenker but 
promising educational institutions. 

3. Develop a national system of scholarships and 
fellowships to continue Federal support of students as the 
benefits under the Servicemen’s Readjustment Act expire. 
Such a program .should cover all fields of knowledge and 
not be restricted to the physical and biological sciences. 
This matter has also been touched upon in the report, 
“Science and Public Policy — A Program for the Nation”, 
and is also under study by the President’* Commission 
oil Higher Education. 

While for coordinating Government scientific 
activities the following principles are laid down* 

The task of policy formulation for the Federal research 
and development program requires establishment of a num- 
ber of co-ordinating centres within the executive branch of 
the Government. These would be called upon to make 
determinations! upon a number of interrelated problems, of 
which the most important are : 

1. An over-all picture of the allocations ot research 
and development functions among the Federal agencies, 
and the relative emphasis placed upon fields of research 
and development within the Federal Government must be 
available. 

2. A central point of liaison among the major research 
agencies to secure the maximum interchange of informa- 
tion, with respect to tlie content of research and develop- 
ment programs and with respect to administrative techni- 
ques, must be provided. 

3. There must Ik.* a single point close to the Presi- 
dent at which the most significant problems created in the 
research and development program of the Nation as a 
whole can be brought into top policy discussions. 

Setting up an organization to handle these diverse func- 
tions is not a simple task that can be solved, for example, 
by establishment of a Department of Science. Such an 
approach was considered in the course of these studies 
and, after consultation with scientists and administrators, 
was rejected 

and the specific steps proposed are 

1. An Interdepartmental Committee on Scientific Re 
search and Development should be established by I$xecu- 
tive Order. 

2. The Bureau of the Budget should set up a unit for 
reviewing Federal scientific research and development pro- 
grams. 

3. A member of the White House Stall should be de- 
signated by the President for purposes of scientific liaison. 

In amplification of (1) it is recommended that 
au Interdepartmental Committee on Scientific Re- 
search and Development be appointed by the Presi- 
dent and that its reports and recommendations 
should be made to him. The group should consist 
of those bureau chiefs or other officials of the Govern- 
ment most deeply concerned w r ith scientific research 
and development. 
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The recommendations of the Steelman Com- 
mittee on the Science Foundation entails a consider- 
able restriction of the latter’s status and responsibi- 
lities. It becomes a minor committee consisting of 
an equal number of official and non-official scientists, 
with a Director appointed by the President and 
responsible to him. The responsibility of coordinat- 
ing the work of the Government scientific activities 
is taken away from it. Its only function is to appor- 
tion grants from funds placed at its disposal for the 
furtherance of basic research. 

On the other hand improvement of science teach- 
ing and improvement of science laboratories, provi- 
sion of science scholarships are recommended by the 
Committee to be included as part of an all round 
improvement of educational facilities which have 
been made the object of a special study by a Presi- 
dent’s Commission on Higher Education. 

The other important feature of the Steelman 
Report is on the coordination of Government Science 
and improvement in the mechanism of control and 
liaison with the President’s Executive Office. 

The controversy between the President and the 
Legislature over Hill S. 520 is still unresolved. At 
the request of the former, the sponsors of the Bill, 
Senator Smith and Representative Wolverton, are 
meeting the President’s nominees Dr Steelman and 
the Budget Director Webb, to work on the legisla- 
tion until they agree on a bill that the President 
could sign. As part of the compromise it is proposed 
to insert a provision in the bill whereby the Presi- 
dent will be authorized to appoint a Director from 
the list of nominations submitted by the board of the 
Science Foundation. 

We have given in some detail the procedure 
which is being followed in the democratically 
governed U.S.A. to hammer out an agreed policy on 
the National Science Foundation ; the executive, the 
official and non-official scientists, and the legislature 
are all taking part in the discussion. India, since 
August 15, 1947, is supposed to have become a 
secular democratic State ; important decisions how- 
ever are being taken on the Government’s Science 
Policy, without the non-official scientists being given 
the opportunity to express their views. 

During the war Scientific Advisory Committee to 
the War Cabinet was set up in Great Britain under 
the Lord President of the Council who acts as its 
Chairman, with the President of the Royal Society 
deputising in his absence. The Committee included 
equal numbers of official and non-official scientists. 
Recently proposals have been made for the creation 
of a coordinating machinery between Government, 
university and industrial science by the addition of 
a Central Scientific Office at Cabinet level, as part 
of the office of the Lord President of Council. This 


office should coordinate national scientific policy with 
the economic policy of the Government, and should 
be linked up with other planning agencies in the 
Cabinet offices and with the Central Statistical Office. 

It appears that due to different historical con- 
ditions in these two countries, the place of Science J 
in relation to the State activities has been differently 
viewed in Great Britain and in U.S.A. In the former 
the Universities were founded through unofficial 
agencies, which have collected sufficient endowments 
and secured grants from industries, individual firm* 
and from civic authorities. Only at a very late stage 
lias the Government come forward with grants. These 
come through the University Grants Committee of 
the Treasury, as well as through the different 
departments of research in Agriculture, Medicine, 
Science and Industry. In the USA on the other 
hand though there are some richly endowed privately 
founded universities, there are also a large number 
of Land Grand Colleges and State Universities which 
arc maintained by Federal and Stale grants. It is 
therefore natural that aid for improvement of science 
teaching and training in research and award of 
scholarships and fellowships should be considered 
apart from the proposed Science Foundation and as 
part of the general problem of improvement of higher 
education and as such is being considered by a Presi- 
dent’s Committee for Higher Education. 

In India apart from fee income, the Universities 
and Colleges are maintained mainly by Federal and 
provincial grants. Only a very few like the Hindu 
University, Benares, Muslim University, Aligarh 
have substantial endowments. Even they receive 
large grants from the Centre and the United Pro. 
vinces. Consequently provision for better teaching 
and equipment and for normal university research 
activities (including training and research in Medicine 
and Technology) should come from a single agency 
in the Ministry of Education. For this purpose a 
special section of the ministry with an adequate staff 
of scientists, technicians and educationists should be 
created. The University Grants Committee, consist- 
ing of non-official educationists, will then act as an 
Advisory Body to this Ministry and not as in Great 
Britain be under the Treasury. 

Government research is more centralised in 
Great Britain than in the U.S.A. In the latter 
country the general policy adopted is that in each 
of the large executive departments, research and 
development should be associated together. Better 
integration at the policy making level is secured by 
Interdepartmental Committees. It is recognized that 
there has been a certain amount of overlapping of 
research by contracts e.g., in atomic research etc*, 
grants have been provided by different Executive 
Departments like the Army, Navy, and ^Atomic 
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Energy Commission. Encouragement of industrial 
research is not an important problem in the U. S. A. 
Government support of basic research through a 
National Science Foundation is accepted by all shades 
of public opinion. It is recognized that uptill re- 
cently applied research in the U.S.A. has flourished 
by exploitation of fundamental discoveries, originat- 
ing in Western Europe. It is felt that in view of 
the chaotic conditions prevailing there, new sources 
of fundamental discoveries nearer home should be 
encouraged . 

Basic research in India, especially in those 
subjects which form the starting point for the 
development of instruments and machineries, which 
for good or evil, are shaping the destinies of nations, 
cannot be carried out without the manufacture in 
this country of certain essential instruments and 
mechanical appliances. We refer to nucleonics, 
electronics, radio engineering etc. 

Government aid of industrial research will also 
not be effective in this country, until industry be- 
comes more research conscious. At present industry 
is dominated by financiers with strongly developed 
profit motive. It may take a couple of decade before 
the necessary change in their outlook takes place 
There will however be till then enough demand 
for background and applied research in Government 
scientific services, organisations, and Government 
sponsored industries. 

The time -lias however come tor a decision, 
whether any further separation of research from dove 
lopmeiil work along the lines contemplated in Hill's 
report should be encouraged, or whether the principle 
should be formulated that so far as possible, barring 
certain kinds of common background research, re- 
search and development pertaining to each executive 
department should be associated together. The con- 
ditions have changed since* Hill’s report was pub- 
lished. Many top ranking Indian scientists, whose 
number is very limited, are being recruited for the 
Government departments, and there is a danger that 
institutions of University status responsible for the 
training of the younger generation may suffer thereby. 
There has been an unprecedented expansion of 
scientific and technological activities in the Govern- 
ment departments, research and development 
stations, Railways, Communication and Defense. 
Large numbers are being recruited, after not ver\ 


adequate training at home and abroad. We hope 
that such expedients adopted to meet an extraordinary 
situation will not leave behind undesirable permanent 
consequences. 

Steps have been taken, wc understand, to .form 
interdepartmental committees of Government scien- 
tists, and any failure to support research and deve- 
lopment in any one of the departments will attract 
the attention of this Committee and adequate measure 
will then no doubt follow'. 

Tf the dictum is accepted that each executive 
department of the Government should as far as 
possible and necessary, be made self-sufficient for re- 
search and development, there will then be no need 
for a special Scientific Research Department for 
tendering scientific advice to other departments. 
Further, either the three Councils of research in agri- 
culture, medicine, science and industry be placed 
under one Ministry, like* that of the Lord President 
of Council in Great Britain, or the C.S.I.R. should 
not come under the Scientific Research Department 
at all. On the other hand there is need for a Central 
Scientific < Alice at Cabinet level, similar to that pro- 
posed for Great Britain, for the coordination of 
national scientific policy with the economic policy 
of the Government, to be linked uj> with other 
planning agencies in the Cabinet offices and with the 
Central Statistical Office, when created. The other 
activities of the proposed scientific research depart- 
ment viz., international unions etc. may form part 
of the work of the Central Scientific Office. 

Whether the support of basic research and the 
grant of special fellowships and scholarships for pure 
and applied research should be undertaken by this 
Office, with an Advisory Committee of the nature of 
Science Foundation should also be considered. 
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The Practice of Plant Quarantine 

We have seen elsewhere 1 that quarantine can 
be useful in preventing or delaying introduction 
of foreign pests or diseases, or limiting further spread 
of those which have already gotten introduced and 
established a foothold as well as those of the indige- 
nous pests and diseases which are still confined in 
their distribution to few limited areas. At the same 
time it is known that every plant part or product — 
be that fruit, seed, graft, tuber, bulb, etc., — can, and 
in reality often does, act as the carrier of disease 
germs or the eggs, larvae, pupae or adults of pests. 
So the only theoretical way to stop foreign pest and 
disease introductions, or to limit the spread of the 
indigenous ones is to prohibit completely by enact- 
ment of laws, trade in plant and plant products with 
all foreign countries as well as between different 
parts of the same country. But such a course of 
action is impossible in practice. It will lead to the 
adoption of a policy of extreme isolationist character 
so far as the rest of the world is concerned ; within 
the country itself it shall severely strike at the root 
of free, regular and legitimate trade and much of 
social intercourse as well — a situation less tolerable 
than the plant pests and diseases themselves. The 
reaction to such a programme of actions will lead 
also to retaliatory measures by the governments of 
the countries affected by such wholesale embargoes. 
It will lead to jeopardize the whole economic situa- 
tion, and agriculture, whose interest the aim of qua- 
rantine is to serve, will be no less impaired than any 
other economic phases. So there arises the necessity 
of a compromise between what appears to be an ideal 
theoretical approach and what can be best achieved in 
practice with as much less interference as possible 
with legitimate trade and commerce commensurate 
with the direct economic benefit a quarantine is to 
achieve. 

Information about Foreign Diseases Required 

Having known the practical impossibility to adopt 
a course of action stopping all import of foreign agri- 
cultural commodities as would theoretically be called 
for to give complete protection to the country's agrb 
culture against establishment of new pests and 


1 {Science and Culture, j4 , 48-53, 1948. 


diseases, also having known what calamitous some of 
the introduced pests and diseases might ultimately 
prove to be, a course of action seems to be called for 
which will help prevent introduction of such veritable 
plagues with all means possible including embargo 
on importation in those few cases where no other 
means are considered effective. Adoption of less 
stringent measures are called for for those pests and 
diseases which are likely not to be so destructive, 
while still lesser measures for those which have no 
more than a nuisance value. 

So to determine what types of quarantine actions 
are called for, a thorough study of the particular pest 
or disease must be undertaken before any one action 
is decided upon. If the exigency of the situation so 
demands, trained and experienced workers should be 
sent abroad to study such pests and diseases iu their 
natural habitats as has been practised bv the United 
States Department of Agriculture in case of several of 
the foreign x>ests and diseases. Countries beginning 
to adopt the science and practice of quarantine as an 
aid in plant protection should first find out what has 
been the country’s normal commerce as regards 
importation of plant commodities— cereal and pulse 
grains, seeds and fruits, tubers, bulbs and other 
nursery stocks, logs and timber, unprocessed cotton 
and other fibres, oil seeds for crushing, tobacco leaves 
for cigarette manufacture, crushed oil-seed cakes for 
manure and a multitude of others too numerous to 
enumerate. What are the countries from which they 
are normally being imported and what are the 
common diseases and pests from such commodities 
are known to suffer from in their land of origin, 
what seems to be the potential capacities of such pests 
and diseases to assume a destructive form in regard 
to country’s agriculture in general or with reference 
to a particular crop or crops, should such an exotic 
pest or disease get introduced ? Even what is a minor 
pest in a foreign country should not be lost sight 
of in such a study. It might just be a minor pest 
there because of the absence from that locality of 
other preferred pests. Such minor pest might assume 
epiptytotic proportion in a new country should it 
happen to cultivate widely such preferred hosts. 
Colorado potato beetle has been an example belonging 
to this group. 

There are so many unknown factors which in- 
fluence the behaviour and performance of lowdl lives- 
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fungi, bacteria and insects that they do not follow 
any hard and fast mathematical formulae. Even a 
best brain and most conscientious worker may fail to 
predict their performance in a new territory. Chest- 
nut blight, walnut blight, citrus canker, Japanese 
beetle, citrophilous mealy bug, cottony cushion scale, 
pink boll-weevil have been some of the diseases and, 
pests which have been of not much significance 
in their country of origin, but have proved 
devastative when established into the United 
States. Others like European Dutch elm disease, 
late blight of potato, white pine blister rust, 
European corn borer, cotton boll- weevil, gypsy 
rnoth dreaded to become destructive if introduced, 
actually proved to be as apprehended when they 
entered in the United States. While cases might be 
cited which, though likely to cause heavy damage if 
introduced into North American mainland, have fortu- 
nately fallen far short of their assumed destructive 
potentiality when they were found later to have 
already been established there. 

Though, as told above, it is not always possible 
with our present state of knowledge to predict with 
high degree of accuracy how a foreign disease will 
behave in a new territory, a working hypothesis can 
be adopted whereby diseases and pests of a country 
having similar conditions of temperature, himidity 
and precipitation can be viewed with greater appre- 
hension than those originating in countries having 
altogether a different set of meteorological factors. A 
disease or pest originating in a tropical country will 
have more changes to establish in India than those 
which are known to be limited in their distribution 
to temperate zones only. With regard to borderline 
cases — which are neither strictly temperate nor 
tropical — the policy should be in favour of quaran- 
tine action only when it is a disease or pest of major 
economic importance attacking a number of crops, 
important to the area sought to be protected and or 
the quarantine operation would entail little expendi- 
ture and cause no economic disturbance. 

Survey of Domestic Pest and Disease Situation 

Of equal or even greater importance is a thorough 
survey of the pest and disease situation of the country 
itself. It is no use to spend nujch energy, time and 
money, and the antecedent inconvenience to which 
public might be put to in the enforcement of a quaran- 
tine, especially when it is of a prohibitive nature, only 
to find soon after that the pest or disease, which was 
sought to be prevented from being introduced, is 
already well established in the country. Disease and 
pest survey must be an integral part of any quaran- 
tine organization. In spite of the enactment of any 
quarantine barrier and best organizational set-up for 
its enforcement, pests and diseases may, and there 
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are many cases on record where they actually did, 
evade many routine preventive and control operations. 
The function of a disease and pest survey should be 
to keep strict vigilance, and to detect it as soon as 
possible. For it is much easier to control or eradicate 
an incipient establishment over limited areas. But 
once an intruder gets a securer foothold and becomes 
spread over wider areas before it is detected, it often 
becomes an impossible task to stamp out the pest or 
disease, and remains a source of constant trouble 
until the susceptible pest is completely wiped out or 
a biological equilibrium is established ; or a suitable 
breed of resistant variety is available, if at all. Pre- 
vention is admittedly the best way, but when a 
scourge has eluded the preventive quarantine barriers 
at the port of entrance, the next best is to have a 
supplementary detecting system effective enough to 
discover in the quickest possible time of any unfor- 
tunate establishment of new pest or disease. Plant 
pest and disease surveys should, in other words, act 
as the watch-dog to announce the trespassing of an 
unfriendly intruder so that machinery for effectively 
dealing with the latter can be forthwith unleashed. 
Survey operations are equally important also to keep 
in constant view the day to day situation of diseases 
and pests, indigenous to the country itself. 

Enactment of Quarantine Laws 

Having seen that the case in question — a disease 
or pest requires quarantine action, and that the merit 
of the case satisfies all of the four biological and 
economic principles on which alone a quarantine is to 
be based, the next step is to enact a law by the duly 
constituted authority of the country. Due publicity 
to such enactments should be given so that interested 
parties in the country or abroad are in possession .)f 
such information ; for, the satisfactory working is no 
less dependent on the cooperation of the people and 
parties trading or otherwise dealing in plant commo- 
dities in question. The wordings of the act should be 
in as clear terms as possible. This will minimize 
reference to court of laws for the interpretation of 
ambiguous terms. 

Depending on how serious a pest or disease is 
viewed with, the specific quarantine measure will 
differ. Quarantine laws may be passed for any of the 
following types of action depending upon the plant 
materials, the pests and the diseases involved : 

Prohibitive Quarantine (Embargo) : — By prohi- 
bitive quarantine is meant the placing of an embargo 
against the importation of specific plant materials into 
the country because the entry of such plant materials 
would probably mean the introduction of their natural 
pests or diseases and the possibility of the establish- 
ment of such foreign pests or diseases. 
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Embargo is the severest of all quarantine action 
possible ’and as much is made of against pest and 
disease which are reputed to be vertitable scourges in 
their native country and are likely to assume similar 
intensity if introduced, and against which no other 
easier method to deal with is known that will elimi- 
nate the risk inherent in the importation of such 
materials, or the pest or disease is of such a nature 
that it cannot be detected by the known, practical 
inspection methods. Embargo is also a fit case to be 
employed in cases where no practical treatment is 
known to free the infected or infested plant materials, 
or where known the cost is to be of such an excessive 
nature that application of control measures will be 
beyond economical proportion. 

Detention : — Classes of pests and diseases which 
are known to be less destructive and detection of 
whose presence can be ascertained in host materials 
sooner or later should be dealt with under this cate- 
gory. Bulbs and nursery stocks especially might 
harbour deep inside the tissues of their body patho- 
genic fungi and bacteria or eggs, larvae, etc., of pests 
undetectable from outside by most careful exami- 
nations. Fumigation or other treatment of the whole 
plant or bulb is mostly ineffective as the disinfectant 
cannot reach deep into the body of the plant materials 
where the pest or parasite is slumbering. Therefore 
such classes of propagating materials should be grown 
in isolation in glass house over a reasonable period 
to sec that they grow out free from obscure diseases 
and pests not detectable at the time offered for entry. 
When freedom from infection is assured, the materials 
are ready for release. 

Growing in isolation in green houses, which are 
always limited in space, in itself puts a limit on the 
volume of materials that can be successfully handled. 
Further, nursery stocks and bulbs are considered very 
ideal materials from the point of view of disease and 
pest introduction and establishment since a pest or 
disease is all the more likely to perpetuate when intro- 
duced in association with its living hosts than when 
introduced separately and independently of its host. 
In the latter case chances are that the pest or the 
pathogen will die out before being able to find out its 
suitable host. 

Therefore it is almost an universal and recog- 
nized practice to discourage as much as possible 
importation by private parties of nursery stocks. But, 
for the purpose of keeping the country supplied with 
new varieties and necessary propagative materials, or 
educational, experimental, or scientific purposes, such 
importations of propagating materials are often im- 
perative ; they are usually imported according to 
needs under government auspices, and arc usually 
grown in detention in glass houses under supervision 
of competent plant pathologists and entomologists 
before being released to the public. 


Disinfection : — Disinfection is usually prescribed 
as a condition for entry of imported plant parts Or 
tree seeds meant for raising seedlings, products such 
as unmanufactured cotton, tobacco leaves, seed-cakes 
to be used as manure. Disinfection is also applied 
as a blanket measure in many types of seeds, pro- 
pagating materials, etc., which are usually known not 
to harbor any particular disease or pest, but which 
if ever present might evade eye examination ; in 
other cases where because of the more apparent nature 
of lesion or other symptoms, eye examination can be 
relied upon, disinfection is still resorted to in practice 
when such materials are offered for entry in greater 
bulks, that individual examination is impossible, or 
when disinfection can be more economically done than 
visual examination. 

Disinfection is achieved through the application 
of chemical treatment in the form of steeping fluid 
or dusting as in the case of seeds ; or fumigation 
under pressure with methyl bromide, etc., as in the 
case of cotton lint, tobacco leaves, seed-cakes ; or hot 
water treatment for certain cereals, where the 
pathogen is known to lie dormant deep inside the 
grains, unable to be reached by any other means. 

Experiments at the Plant Introduction Garden of 
the llnited States Department of Agriculture at Glenn 
Dale, Maryland, have shown that perishables such 
as green lima beans, string beans, podded peas, sweet 
potatoes, grapes, peaches, and chestnuts as well as 
several hundred species of green-house plants can be 
successfully fumigated without injury with methyl 
bromide at doses sufficient to free them from thrips, 
mealy bugs, aphids, soft scales, white flies, and red 
spiders. 

Inspection : — Inspection has a low rate of value 
in a quarantine scheme and is therefore applied in 
those cases of seeds and other plant materials, which 
arc usually known not to hibernate diseases and pests 
and therefore involve less risk of disease or pest intro- 
duction and establishment. But inspection has 
certain amount of value to see that plant commodities 
imported are free from other plant parts or refuse 
that are known to be carriers of important pests and 
diseases, that the seeds or nuts are free of dried up 
pulp and fibers, sand and soil, or that the packing 
box and other packing materials are free from any 
contamination. Inspection will also be helpful to 
find out unqsual chance association of a pest or 
disease with not too natural a host. 

Unrestricted Entry : — The last of quarantine 
action or rather negative action lies in allowing free 
entry of plant materials. Plant materials often not 
capable of use in propagation but imported for manu- 
facture, medicinal or food purposes come under this 
class. Seeds of vegetables, flowers and other annuals 
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and ornamentals, which due to their limited period of 
growth season involve less risk of pest and disease 
establishment. Even in the worst, should any disease* 
or pest become established in such a host, no eco- 
nomic sequence will confront the nation except the* 
loss of some aesthetic value in the unavailability of 
a particular kind of decorative flowers. 


Supplementary, Activities 

Certification and Permit ; — Besides the above 
categories of quarantines, there are certain other 
actions that operate in supplement to the former. 
Under supplementary actions lies the regular or 
periodic inspection by competent members of quaran- 
tine service of nurseries that raise propogative stocks 
meant for sale, or orchards that grow fruits meant for 
inter-provincial shipment, and 'issuance of certificate 
of freedom from incriminated pests and diseases 
before they are allowed to move. Whatever it might 
be worth, most countries insist that each consignment 
of plant parts or products should be covered by certi- 
ficate of pest and disease freedom in general, or 
against specific pest and diseases, and as to their 
origin in localities known to be free from such 
diseases and pests infestation, issued by responsible 
agricultural officer of the country of origin before it 
can be imported, subject to any further action such 
as growing in detention, disinfection, inspection as 
might be prescribed for any particular plant mate- 
rials. 

There are other plant materials that are consi- 
dered more dangerous from the point of disease and 
pest introduction. Such materials can only be im- 
ported under specific permits issued by the officials 
of one’s own country. These permit systems help 
keep track of the materials imported, should any 
contingency arise. 

Channeling of Importation : — To further mini- 
mize risk of foreign pests and diseases being estab- 
lished, it is often an important practice to fix certain 
ports for the unloading of specific plant materials, 
say in the case of cotton and tobacco, it should be a 
safe practice to assign their entry to port or ports 
far away from locations where cotton and tobacco 
are grown as a major crop. Though under recog- 
nized quarantine practice these materials are allowed 
to move in bondage to fumigation house for necessary 
treatment before they are released to proceed inland, 
certain risks always remain that a few of the pests, or 
parasites, or infested materials may get disseminated 
however carefully the consignments are handled 
or under whatever guarded conditions they are 
transferred. The escaped organisms will have very 
much Ites chance of survival than had there been 


growing a crop of tobacco or cotton in the neigh- 
borhood. 

Seasonal Importation : — All seasons of a year arc 
not equally suitable for activity growth and multipli- 
cation of all pests or pathogenic organisms. Similar 
conditions exist for the host plants as well. Know- 
ledge of such nature is utilized as an aid in minimi- 
zing risk of pest and disease introductions. Certain 
pests or pathogens that thrive on foliages only, will 
have much less chance of establishment if such 
importation is limited to a season when the host 
plants shed off their foliages. Conversely, during 
certain seasons the pest leaves the host plant to hiber- 
nate elsewhere (as in the case of the Japanese beetle). 
Movement of such plant materials can safely be done 
during such period. Similar measures hold good for 
dealing with materials that carry pest capable of 
infesting another seasonal crop by limiting importa- 
tion during period when the latter is not in the field. 

In certain other cases importation from one 
climatic zone to a different climatic zone can be done 
with lesser risks than when done between zones 
having identical climatic conditions at the same time 
of the year. 


Organization of a Quarantine Set-up 

i 

Enactment of a fine set of quarantine laws and 
regulations will not in themselves solve anything 
unless there are organized machineries to enforce 
them rigidly and honestly. Enforcement must be 
carried out rigidly because slackening in efforts at 
any one stage will upset the whole scheme. Pests 
and pathogens are constantly under the natural pres- 
sure of dispersal and have a hundred and one ways 
or avenues through which they are trying to gain 
entrance into a new territory. A slight weak point »n 
this barricade will set at naught the value of the 
hundred other strongly guarded posts. Secondly, it 
should be carried out most honestly above personal 
prejudice or favor to anyone or party. Because the 
success of a quarantine depends ultimately on the 
spontaneous cooperation of the public, no amount of 
police action can detect or prevent completely the 
handling of contraband plant materials in contraven- 
tion of quarantine laws and regulations. The public 
will submit less grudgingly to the inconvenience 
consequent upon a quarantime enforcement when 
he finds that the enforcement officials are at least 
honest in their dealings. When this honesty becomes 
coupled with a little courtesy on the part of the 
officials, a sympathetic attitude of the public will 
flow to the organization which cs^not be earned 
otherwise. Simultaneous with this/ a programme Of 
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education of the public should be undertaken to 
acquaint them with the aims and objectives of 
quarantine actions. A little money spent on such 
educative measures will ultimately pay in many fold 
when people learn that it is necessary for their own 
interest and the interest of their own country to abs- % 
tain from activities which are in contravention of 
the quarantines in force. Such awakening of a sense 
of duties will make it possible to enforce quarantines 
much more effectively than would otherwise be 
possible* even with a much bigger body of enforce- 
ment personnel. 

The administration and enforcement of quaran- 
tine can be divided into the following broad activities 
barring intricate details : 

Maritime-port Inspection : — Perhaps the* most 
important function in the field of foreign quarantine 
is inspection of plant materials offered for entry into 
the country including luggage of passengers arriving 
from foreign lands. Ship’s store rooms, refrigera- 
tors, crewdecks and cargo-holds should be carefully 
inspected to see that they do not harbor any contra- 
band materials or pests that might get over to the 
shore. Depending on the nature of the contraband 
materials, the master of the ship may be asked to sign 
documents imposing on himself the responsibility 
that such materials be not handled while the ship 
is at pier, and guarded in such a manner as to leave 
no chance of such infested materials or the pests 
getting over to the shore, or ''that he destroys them in 
the presence* of quarantine inspectors. 

As regards materials in passengers* luggage and 
cargo, any of the prescribed measures such as inspec- 
tion and release, detention, and fumigation may be 
adopted. While for materials the entry of which is 
prohibited, the shipper should be asked to reship 
the materials out of the country forthwith ; failing, 
they should be destroyed under orders of superior 
quarantine officials. 

Fumigation House : Quarantine Garden House .. — 
As an adjunt to maritime-port inspection is the avail- 
ability of suitable fumigation house where materials 
that are prescribed fumigation as a condition of entry 
may be despatched for scheduled treatment. Loca- 
tion of such a plant should be as near the piers as 
possible to minimize the risk of pests and diseases 
materials escaping in transit. 

Glass covered green houses are* essential where 
doubtful cases should be grown in detention under 
competent supervision before they may be released. 
Every progressive country feels the necessity of 
importing suitable varieties of crops from abroad for 
the purpose that their cultivation be adopted in the 
country, or with a view to use them in breeding or 


other scientific investigations. Such purposes can 
only be fulfilled if and when such materials are intro- 
duced free of their pests and diseases. But if pests 
and diseases are carried along with them, then such 
plants will not be of any economic advantage, but 
these carried-over pests and diseases might soon 
establish on some indigenous crops proving thereby 
more detrimental than beneficial. Growing in qua- 
rantine glass-houses for a certain length of time and 
nothing freedom from pests and diseases is essential 
before their commercial propagation is advocated in 
any national programme of plant introduction. 

Airplane Traffic Inspection ; — Airplane traffic 
presents greater risks of entry and spread of dangerous 
foreign pests and diseases. Pests and diseases that 
were in incipient stages of development at the start 
of a long journey in a steamboat would possibly have 
showed up visible symptoms by the time the cargo 
was presented for quarantine inspection or even 
would have met with natural death due to long so- 
journ under unnatural conditions. But freshly 
gathered fruits, vegetables, etc., with incipient 
stages of infection will go undetected by the present 
day inspection method, will reach foreign countries 
within a few hours under aircraft transportation and 
will possibly be delivered along the air-routes in 
smaller markets, not far off from agricultural or 
orchard areas. 

Greater precaution should be taken when the* 
airplane flight originates or resumes through places 
having a seasonal or otherwise pest infestation. Such 
planes should be fumigated both inside and outside 
as soon as they land. It should further be directed 
that such planes be also fumigated under supervision 
of responsible pest control officials of the foreign 
country before it takes off for the home port. Action 
like the above are taken when plane lands in the 
United States territory from certain South American 
countries, and in certain seasons. 

Similar procedures are applicable in case of 
domestic air traffic when the flight originates or 
resumes through areas having a severe pest infesta- 
tion. 

Transit Inspection : — Under this falls the 
common-carriers such as railroads, vehicular traffic, 
moving plants or plant products from one province 
to another or from one part to another part of the 
same province. It should be the duty of the transit 
inspection staff to see that contraband or other 
restricted materials do not move in violation of any 
quarantine in force from one territory to another. 
Vigilance should be maintained at bigger railroad 
junctions through which most of. the volume of 
materials pass as well as at important crossings along 
the national highways for vehicular inspection. 
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Postal Inspection . — Vigilance should be main- 
tained that no live pests or disease producing organ- 
isms or contraband plant materials are imported, 
except as prescribed under rules, from foreign coun- 
tries through the medium of postal services ; or from 
one part of the country where the disease or pest is 
present to another part of the same country known 
to be free from- such infestation. Postmasters will 
have much co-operation to offer while inspection per- 
sonnel will have to be located at bigger junction post 
offices of the country. 

Research Activities . — No quarantine organization 
will be complete unless it has a good research set-up 
where workers are laboring patiently to find out more 
effective methods of inspection and detection, better 
fumigation and . fungicidal treatments ; to find out 
more facts about the nature, habits and life-histories 
of exotic as well as indigenous pests and pathogens 


so that they can be more profitably, effectively and 
efficiently handled than was so long possible.* 


* The author wishes to avail the opportunity to express 
his deep appreciations of the kind co-operation offered by 
the officials of the Bureau of Entomology and Plant Quaran 
tine, U. S. Department of Agriculture, during his severs, 
visits to its headquarters at Washington, D.C., and some oi 
its field stations. 

Sincere thanks are due to Dr W. A. McCubbin, Senior 
Pathologist, Division of Domestic Plant Quarantine, for 
giving most ungrudgingly his valuable time and the benefit 
of his long experience in the field of plant quarantine in 
discussing many phases of quarantine activities and also 
for his kindly arranging itinerary of some of the visits. 

Lastly, the author is indebted to Dr J. G. Leach, Head 
of the Department of Plant Pathology and Bacteriology, 
West Virginia University, for his constant help, advice and 
encouragement and for his kindly discussing with and 
bringing to the attention of the author much information 
on different aspects of plant protection, quarantine and 
other regulatory activities. Thanks are due to him for his 
aid in the preparation of the manuscript. 


OBITUARY : 

FREDERICK GOWLAND HOPKINS (1861—1947) 


K development of Biochemistry as an indepen- 
dent science during the last three decades or so, 
is to a large extent associated with the life and work 
of Frederick Gowland Hopkins, who passed away in 
1947 at the age of 86. Here was a man who was 
apparently designed by Nature for science. The 
impress of genius Was on him. Entirely new fields 
of biochemical research were opened by his work and 
it was characteristic of him that after opening the 
new paths he would often leave others to follow up 
the work while he himself proceeded to march into 
fresh fields of scientific adventure. And yet while 
he was himself outstandingly original, both in his 
thought and in his methods of work, he was always 
appreciative of the laborious work, which must be 
put in by scientists in general in order to build up 
the main body of knowledge. Once he said : 
“Lucky wayfarers may come by nuggets of gold by 
the wayside but it is by systematic mining alone that 
the currency of nations is provided.* * 

Hopkins lost his father when he was an infant. 
His schooling did not proceed evenly. At the age 
of 17 he had, to enter a firm of Insurance Agents at 
the instance of, his uncle* This period, however, 
was short as his aptitude for science was discerned 
and Hopkins was sent as an apprentice in a private 
analytical laboratory. At 20 Hopkins got a small 
.inheritance and went for scientific training in the 
Royal School of Mines . Then he became an assistant 
in th^ , private laboratory of Dr P. F. Frankland. 


This establishment soon closed down and Hopkins 
went in for the Fellowship of the Institute of 
Chemistry by examination. He did so well that 
Dr Thomas Stevenson, the then Home Office 
Analyst, made him "his assistant in Guy’s Hospi- 
tal. Here Hopkins spent 5 years and learnt a 
lot. He matriculated from, the London University 
when he was 26 by carrying out his studies in the* 
evenings. Hopkins* placement in Guy’s Hospital 
brought him in touch with medicine; One of the 
medical students, (now Siy) Charles Martin, used to 
have talks with him in the laboratory where he 
worked and contacts of this nature seemed to incline 
Hopkins, who was so far trained essentially as a 
chemist, to turn more and more to Physiological 
Chemistry. Hopkins, in fact, decided to take n 
medical training. At the same time he went in for a 
B. Sc. degree which he took in 1890 getting Honours 
in Chemistry and Physiology and the gold medal hi 
Chemistry. In 1894 he took the M.R.C.S. and 
LiR.C.P. and the London M.B. degree. He got his 
D.Sc. in 1900, This brief biography would show 
that Hopkins was a self-made man in the real sense 
of the term. His training both in Chemistry and 
Medicine was turned to good account in making his 
outstanding contributions in Biochemistry in later 
years, 

Hopkins married in 1898 Miss Jessie Stevens, 
who was a real help-meet to him throughout his life 
and career. 
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By 1898 Hopkins had already made considerable 
scientific reputation and Sir Michael Foster, the then 
Professor of Physiology in the Cambridge University 
invited Hopkins to initiate teaching and research in 
Physiological Chemistry. In 1902 the Readership for 
Physiological Chemistry was created at Cambridge, 
as Hopkins by then had apparently convinced the 
University of the importance of such a subject. Ill 
1905 Hopkins was elected to the Fellowship of the 
Royal Society. He was associated in Cambridge 
with the Emmanuel and Trinity Colleges. In 1914 
a Chair of Biochemistry was created at Cambridge 
for Hopkins and later as scientific honours came to 
him thick and fast, Hopkins got a new building 
through the bequest of Sir William Dunn. 



Frederick Goweand Hopkins 

The researches of Hopkins cover indeed a very 
wide field. He always followed his bent. At the 
early age of 17 he contributed a scientific letter to 
the Entomologist. His earliest important work^was 
on pigments of the wings of the butterfly. From 
this work he was led to work on uric acid in meta- 
bolism. He developed an accurate method for 
estimating uric acid in urine. Then he published a 
paper with Garrod on urobilin where also his analyti- 
cal powers were quite apparent. At this time 
Hopkins began his important studies on proteins 
and described the crystallization of egg albumin. 
An outstanding piece of work was the isolation of 
the amino-acid, tryptophan, from casein after 
enzymatic hydrolysis. The story of the discovery 


of tryptophan is interesting. On one occasion an 
entire class of students failed to perform the Adam- 
kiewicz reaction for proteins which consisted in the 
production of a violet colour by the addition of dilute 
acetic acid followed by concentrated sulphuric acid. 
The failure of the reaction was traced by Hopkins to 
the use of acetic acid and he showed that it was really 
the small quantities of glyoxylic acid which were 
present in ordinary acetic acid which actually gave 
tlie test. Since this acid was absent from pure acetic 
acid the test had failed. Since then it is called the 
glyoxylic test or the Hopkins-cole test for proteins. 
It was characteristic of Hopkins that after finding 
the real conditions for the reaction he turned his 
attention to that group in the protein molecule with 
which glyoxylic acid reacts. From this point he 
was led to the isolation of tryptophan in 1901, which 
has been mentioned above. It also shows the ori- 
ginality of Hopkins that he sought to identify the 
new amino-acid by a novel method viz., by the 
identification of the products of its bacterial decom- 
position. 

Hopkins had always a stereoscopic view of 
Chemistry and Biology and this led him to investi- 
gate the importance of tryptophan in the diet. It is 
from these studies that the “essential” nature of 
certain amino-acids came to be recognized. These 
amino-acids cannot apparently be synthesized by the 
body and have to be supplied in the food. 

The next important work of Hopkins on an 
entirely different subject was in relation to the forma- 
tion of lactic acid in muscle. This classical paper 
under the joint authorship of F'letcher and Hopkins 
(1907) practically laid the foundation of modern 
developments in muscle biochemistry. Some later 
workers followed up Jhis work and made further 
fundamental contributions on this subject. 

In 1912 Hopkins published his work relating to 
the discovery of what we now call vitamins for which 
lie was awarded the Nobel Prize in Physiology and 
Medicine in 1930, Although a few previous workers 
had got indications that a diet consisting exclusively 
of carbohydrates, proteins, fats and salts was unable 
to support life in young animals and requires to be 
supplemented by such materials as milk and eggs, 
it was Hopkins who by his well-controlled and quan- 
titative experiments proved that milk contains a 
substance which is required by the body in relatively 
small quantities but is nonetheless essential for life 
and growth. He had showed in this experiment with 
rats that the supplement of milk to the basal diet 
could not possibly make a difference between life and 
death by providing extra calories or proteins or salts 
but must contain some unknown substance in the 
absence of which the major food constituents could 
not be utilized by the body. This was indeed a 
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fundamental discovery which has since revolutionized 
the whole science of nutrition and has moulded food 
policies hud food habits in most countries, both in 
peace and in war. Hopkins had made this discovery 
in the early years of the prevsent century and as early 
as 1906 in addressing the Society of Public Analysts 
Hopkins referred to this work. But Hopkins wished 
to publish his work only after he had isolated the 
active principle concerned. So he postponed publi- 
cation until 1912. Even then he was unable to isolate 
the factor concerned. As we now know, there are a 
number of such substances and it is clear that the 
resultant effect on growth could only be obtained if 
all or some of these factors were simultaneously 
supplied. During the World War I Hopkins tried to 
bring home the new science of nutrition to the British 
Government of the day in supplying food to the Army 
and the civilian population. This was for a long time 
in a muddle owing to the new concepts of nutrition 
not having filtered into the minds of the powers 
that be. 

In 1921 Hopkins published another classical 
paper on the isolation of glutathione which was an 
autoxidizable constituent of the cell. This has been 
the starting point of a series of researches in many 
countries. Although the structure of glutathione as 
originally conceived by Hopkins was' not correct, 
Hopkins re-investigated the problem at the instance 
of the work of Hunter and Eagles and isolated 
glutathione by a new elegant method which led to 
the determination of its correct structure. 

In 1923 Hopkins published another important 
paper on xanthine oxidase which is present in milk 
and oxidizes xanthine and liypoxan thine to uric acid. 

From 1939 onwards Hopkins was in failing 
health. In spite of it he returned to his favourite 
study of butterfly pigments and published a paper oil 
the pterins and their oxidation products. He also 
began further work on glutathione and glyoxalasc of 
which glutathione is a co-enzyme. Hopkins published 
several other papers during this time on hypoxanthin 
and on refection in rats. When it is remembered 
that all this work appeared when he was already 
above 80 it will be understood how research was dear 
to him. A paper on glvoxalase appeared posthu- 
mously in 1947. 


The writer was very fortunate in having been in 
Professor Hopkins* laboratory for some time. The 
impression he gathered was that Hopkins was great 
in more senses than one. He was one of the greatest 
scientists of all ages being able to combine the general 
with the particular and imagination with accuracy. 
He would never lose sight of the wood for the trees 
and yet he knew all the details of at least some of the 
trees. While he encouraged all scientific work with ' 
lh£ real affection of a teacher, he greatly valued 
originality and that freedom of mental gesture which 
sees new vistas. Once the writer asked Professor 
Hopkins as to what he thought would be some of 
the outstanding contributions in Biochemistry ; n 
future. He thought it would be in tlfc direction <if 
the interpretation of living phenomena in terms of 
atomic Physics and Chemistry. Professor A. Szent- 
Gyorgyi seems indeed to be moving in that direction. 
Besides Hopkins* influence in the whole field of 
science which he exercised with a synthetic -cum- 
analytic mind he was particularly responsible for the 
development of Biochemistry as an independent 
discipline. He was one of those leaders who put Bio- 
chemistry in the map. He felt that unless Bio- 
chemistry left the leading strings of Physiology and 
Medicine it could not develop on fundamental lines 
although he all the time* insisted on the value of 
the closest association of Biochemistry with all the 
other sister sciences. 

Hopkins was famous in the world of science. He 
was the President of the Royal Society. He got the 
Nobel Prize. He got honours from both sides of the 
Atlantic and yet he wore all this glory with the 
greatest simplicity and modesty. Those who have 
come in touch with him have loved him. He was 
called by the endearing name “Hoppy** by all his 
pupils and colleagues in Cambridge. Small in stature 
but great in mind and heart Hopkins powerfully in- 
fluenced those who knew him through contact and 
through his work.* 

B. C. Gnha. 


* The writer is indebted for some of the material in 
this note to the obituary notice by Miss M. Stephenson 
appearing in a recent iissue of the Biochemical \ Journal . 
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ONE STORY OF RADAR* 


JJP'HK story from the pen of A. P. Rowe, C.B.E. 

who had been the war-time Chief Superintendent 
of Telecommunication Research Establishment 
(T. R. E.)» now finally located at Great Malvern, 
describes the stages of development of radar aids to 
the fighting forces of Great Britain from 1935 on- 
wards. The activity covers a span of nearly ten 
years. The incentive to this work started since 
Hitler came into power in 1934 and an armed con- 
flict with Germany seemed to be certain even to the 
most optimistic pacifists. The menace was that of 
the bomber aeroplanes which Germany possessed in 
plenty, visiting England, particularly London, in 
hundred^, and dropping bomb-loads on crowded areas 
and essential factories and thus paralysing the life and 
activity of the English people. 

The problem was to intercept these swarms of 
bombers and to shoot them down before they could 
do much mischief. At the out-set of 1934, the military 
could think of no other alternatives than providing 
the big cities and factories with anti-aircraft guns and 
shooting down the planes as they came within the 
gun range or sending swarms of fighter planes to 
overtake the bombers and to destroy them. The per- 
centage of success by both these methods were very 
small . 

The* method which was finally evolved and was 
destined not only to defeat the Bomber menace, but 
to carry the warfare to the heart of the enemy's 
country, — Radio Detection And Ranging or simply 
Radar, is now well-known. This consists In sending 
by means of powerful transmitters, intermittent 
search-light of very short radio waves over the sky 
to distances of one hundred to two hundred miles 
and thus sweeping the sky by means of these waves. 
If there is any hostile plane in the field of these radio 
waves, the radio energy reflected by these hostile 
planes arc caught in the powerful receivers and trans- 
ferred to the Cathode-ray Oscillograph where they^ 
appear as tiny light spots. Once the plane is caught 
on the oscillograph it can be kept automatically on 
the field and the motion of the plane can be followed, 
and by electronic arrangements guns are automati- 
cally directed on it. Position of the plane is then 
just dike that of a rat in a trap. This is the simple 
story of radar. The whole of Eastern and Southern 
coast of England was served by a chain of radar 
stations and in the later stages hardly any German 
plane could penetrate the border line. The inven- 
tion of Radar according to the scientific experts was 


* ‘One Story of Rwak* hv A. P. Rowe, C.B.E. Published 
by Cambridge University Press, with a foreward by Lord 
Tedder. 8s. 6ci. Pp, 220, 7 plates, 1948. 


the third greatest discovery in war far e, the other two 
being the discovery of gunpowder and that of the 
internal combustion engine. 

In 1934 however when the problem of intercep- 
tion and shooting of hostile planes first attracted the 
attention of the British Scientists, nobody could fore- 
see this development. Appleton has shown that the 
electromagnetic waves get reflected from the iono- 
sphere and Breit and Tuve in U. S. A. invented the 
pulse-technique — the method of sending powerful 
pulses of short duration vertically upwards to get 
reflected from the ionosphere and make its appear- 
ance on the field of the oscillograph. Some scientists, 
particularly Watson Watt, thought that the same 
method could be used for getting reflection from 
hostile planes and thus detecting them much earlier 
before they could make their appearance on their 
targets. An organization was set up to try this idea, 
on the recommendation of a committee presided over 
by Sir Henry Tizard in February, 1935, with a few 
assistants from the National Physical Laboratories 
under Watson Watt. And their first station was at 
Orfordness, near Aldeburg in Suffolk. A handful 
of men worked there to test the idea of application 
of radio detection and ranging and the results were 
encouraging so far as laboratory experiments were 
concerned. But problems of finding accurate altitude 
of a plane, its accurate range, nutjiber of planes 
coming, or identification of friend or foe were still 
unsolved. The solution of those and their actual 
application demanded expansion of the establishment 
which was accordingly transferred to Bawdsey, 
situated at mouth of river Deben. 

In May 1936 the Bawdsey Research Station was 
started. . The coastal radar chain, mentioned earlier 
and known as C. H. started from this place and the 
first of the many stations from Ventor to Firth of Tay 
was installed here. A school was opened for training 
the R.A.F. men. Many of the old prpblems were 
solved here ; many new problems appeared along with 
the progress of the work. Identification of friend or 
foe (LF.F.) was found out. As the C. H. could 
not detect the presence of aircraft flying at low level, 
a separate chain, known as C.H.L. (Chain Home 
for Low flying) was formed by using a wavelength 
of ljm. In May 1938, Watson Watt became the 
first Directior of Communication Developement at 
the Air Ministry and A. P. Rowe became the Superin- 
tendant of the Bawdsey Research Station. By Good 
Friday 1939, the chain of radar stations guarding 
the coast of England was complete. 

As the research on radar progressed it was found 
that the efficiency of the technique called for lower 
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and lower ranges of wave-length. ' The first experi- 
ment at Daventry" was carried out at 50 m. The 
wave-length, was gradually reduced and the prospect 
appeared more hopeful. New problems popped up 
in the process of the construction and production of 
these highly powerful ultra-short wave tubes. 
Extensive researches for this production were carried 
out, which resulted in the invention of many new 
devices like Klystron and Magnetron which have 
ultimately opened new fields of research. So long 
radar flood-lights were used to detect planes. This 
implied that the radio waves from an aerial system 
was transmitted so as to flood the sky and any plane 
coming within the radar flooded area could be roughly 
detected. By using shorter waves like 1 Ain., the 
aerial system became shorter enough to be rotated, on 
turntables and so form a radar search-light, which 
could now efficiently detect the presence of planes. 
Before the high power Magnetrons (working on the 
cm. band) were produced efficiently, nearly the 
whole of the work was performed on U in. Re- 
searches on this line were carried out at many other 
places like Birmingham (under M. I. E. Oliphant) 
and at the Clarendon Laboratory (under J. II. E. 
Griffiths) and at the laboratories of General Electric 
Company. Vigorous works also went on to produce 
air-borne radar sets to help the fighter planes to 
locate enemy planes and to home on targets. Care 
was also taken to give radar helps to the Navy. 
Experiments on air-borne radars became quite suc- 
cessful at Bawdsey. 


With the outbreak of war in 1939, the respon- 
sibility of the organisation increased many times and 
the constant demand of effective radar aids for R. A. 
F., Navy and Army necessitated immediate expan- 
sion of the establishment with all its branches. And 
the establishment was removed to Dundee. 


The original team of workers was not intact. 
The new establishment was at first called 1 he Dun- 
dee^ ^Research Station and then Air Ministry Research 
Establishment (A.M.R.E.). The place was not at 
all suitable for research work for many a reason, the 
chief of them being want of accommodation. On May 
5, 1940 the A.M.R.E. moved to Worth Matravers. 


At Worth Matravers the team of workers were 
reinforced by the arrival of many eminent physicists 
like A. I. Dee, R. Cockburn, C. Holt Smith, D. 
Fry etc. The progress was still very sIom , because 
the persons who worked were nearly unknow n to 
one another and a real team was still to be formed. 
However the installation of Ground Controlled Inter- 
ception (G.C.I.) raised the morale of the workers 
and the servicemen using them. As is we mown 
G. C. I. saved England from the incessant bombing 
of the German. night bombers. Another ^ortant 

invention that came in May, 1940, was the Plan 
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Position Indicator (P.P.I.). In the radar searchlight 
the radar beam rotated with the rotation of the 
aerial and, in alignment with it, a line from the 
centre of the radar oscillograph screen to its circum- 
ference rotated so as to sweep over the whole area 
of the tube about every 20 seconds. This line was 
the range scale. If the rotating beam encountered 
any plane a bright spot appeared on the rotating 
line. The distance of the spot from the centre gave 
the range and, the angle made by the line passing 
through the spot and the centre of the screen with 
respect to some reference line gave the direction of 
l lie plane. In the mean time it was found that for 
further efficiency of radar, radio waves of centimeter 
range or microwaves, as they are called, must be used. 
And it was at Worth Matravers that the successful 
experiments on microwave radar was carried. 

By 1940 the A.M.R.E. took the name of Tele- 
communication Research Establishment (T.R.E.) and 
was suddenly transferred to Swanage, most probably 
ns a precautionary measure. After coming to Swa- 
nage T.R.E. grew up into a full-fledged applied 
research establishment with its own drawing office, 
with its own model shop and with its own attached 
airfield properly staffed to help the air researches. 
It was at this place that the majority of the mira- 
culous radar devices like Oboe, Gee, H 2 S (Home 
vSweet Home) were born — the devices that saved 
England from German attacks by air and by sea. 

The technique of Air Interception (A. I), consi- 
dered to be the most difficult radar problem, was 
evolved here. Gee came into practice. Tt laid down 
an invisible radio network of position lines over 
Western Europe and thus providing every bomber 
aircraft with its special radio set enabling the air- 
craft’s position on this network to be determined. The 
creator of many a miracle — Oboe— was a device which 
under certain condition enabled a bomb to be aimed 
with a high degree of accuracy in all conditions of 
visibility, by day or by night. There were two 
ground stations known as the Cat and the Mouse. 
The cat station enabled an aircraft carrying a special 
equipment to fly with great accuracy over a target. 
The mouse station calculated the position at which 
the bomb should be released in order to hit the target 
and sent the release signal to the bomber. Home 
Sweet Home is a device by which a bomber can by 
itself home on a target correctly. Ail these devices 
were invented and immediately put into operation. 

The organisation consisted now of 1000 men and 
women, a big number for research indeed. Proper 
functioning of such large establishment required 
good and efficient organisation. There had to be 
high and accepted standards of law and order in 
matters like finance, safeguarding of Govt, property 
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and for defence research, preservation of secrecy. 
The men who worked there were men with a difinite 
mission — War must be won — and they took all the 
pains to carry out their part for fulfilment of their 
mission. It was their unceasing effort that brought 
success to T.R.E. or in general to England. While 
at Swanagc T.R.E. also developed many new 
features like the Radar School, the Talkie Film Unit 
and the most interesting weekly conferences. These 
weekly conferences were attended by the scientists 
at work as well as the servicemen. In the conference 
every body was allowed the complete freedom of dis- 
cussions and for this reason these meetings were 
named as Sunday Soviets. In these conferences the 
the scientists came in closer touch with the men of 
R.A.F., Coastal Command and Fighter Command, 
which greatly accelerated their work. This closer 
contact with the servicemen revealed the user’s 
actual difficulties with radar so that the difficulties 
could be immediately removed. 

At a very short notice the T.R.E. had again to 
be removed from Swanage to Malvern in Ma>, 1942, 
to take precaution against possible enemy-bombing 
which actually occurred at Swanage just after a 
week of T.R.E.’s removal* At Malvern the estab- 
lishment was accommodated in the beautiful Malvern 
College compounds with plenty of open spaces which 
is so much suited for radar research work . As 
regards the aerodrome facilities they could contact 
at Defford, about 10 miles from Malvern, the Tele- 
communications Flying Unit (T.F.IJ.) constituted 
of R.A.F. men. Though the place offered all advan- 
tages for an applied research establishment, the 
associate requirements like the Model Shop and 
Drawing Offices had to be reconstructed. 

While staying at Malvern no particular new 
radar device* was invented, but the older ones like 
Oboe, HoS, A. I., etc. were made all the more perfect 
in their uses. Moreover, so long the scientists 
working for radar were engaged in defence devices 
and had hardly any time to devote for devices to 
help invasion. Some of them, who were sure that 
sometime radar help would be sought for the invasion 
of Europe, worked and modified the old devices in 
that line. 

The bombing of Hamburg was a landmark in 
this respect. Equipped with micro- wave H 2V S, Oboe 
& Oec, the English bombers in February, 1943, 
devastated Hamburg creating for themselves a revolu- 
tion in bombing. In this respect it should be men- 
tioned that special cares were taken to minimise the 
bomber losses over a long period of strategical bomb- 
ing and to keep the average loss rate at a tolerable 
figure. ’ 

Victory of radar devices came from all sections 
of the war-field, the hostile planes approaching Eng- 


land had been beaten back, and the menace produced 
by the U-boats was put to an end. But the achieve- 
ment of radar devices could only be felt on the 
memorable D-Day, the 6th June, 1944, the day of 
the landing of allied forces on the coasts of France. 
The days following and preceding 6th June experi- 
enced worst possible weather. But radar provided a 
separate sense to overcome all of them. The ships 
proceeded accurately in the dark, the coastal bat- 
teries of the enemy were accurately bombed and 
destroyed and the allied planes landed accurately on 
their desired places. In fact the miserable weather 
that heralded D-Day gave the radar men an oppor- 
tunity to prove the worth of radar and they really 
succeeded in that. 

With more zeal and energy the invasion of 
Europe went on until the war came to an end. 

At Malvern T.R.E. maintained their old features 
like the radar schools, film unit and Sunday Soviets. 
In addition they arranged at Malvern special demons- 
trations for distinguished guests to domestrate as 
simply as possible the aims and objects of radar 
devices. At Malvern the number of workers of 
T.R.E. increased up to 3000 including the cleaners. 
It must not be understood that all of them were 
scientists. In fact only a few hundreds were scien- 
tists the rest being the members of the associate 
branches. The only policy that successfully guided 
this big organisation was to concentrate upon the* 
needs of war without considering the needs of the 
future of the establishment or of its personnel after 
the war. 

At the* end of the war it was found useless to 
maintain such a big establishment for research and 
the research section was considerably reduced. 
However, the main body of the T.R.E. lias still been 
retained as the Research and Developmental Organi- 
sation in Radio and Electronics of the R.A.F. , the 
Navy, the Army, the Department of Civil Aviation 
and the Department of Scientific & Industrial' Re- 
search. The total number of employees now working 
in the establishment is now about 2000. The orga- 
nisation is composed of four distinct departments. 
(i) Radar ; 

(it) Physics ; 

(tit) Engineering ; 

(tv) Electronics — department of the atomic 
energy establishment. 

The Radar Department deals with the design 
and development of navigational and aviational aids, 
The Physics Department is concerned with funda- 
mental researches on properties of extremely short 
radio waves, infra : red radiations and other problems 
in electronics. This department also carries out re 
searches on supersonics and application cf radar 
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techniques in various meteorological problems. It 
also includes a theoretical physics group. Engineer- 
ing Department is responsible for the design and con- 
struction of the apparatus according to the require- 
ments of the scientific staff. The Electronics Depart- 
ment of the Atomic Energy Research Establishment 
is responsible for the development of high energy 
particle accelerators, for nuclear physics, medical re- 
vsearch, and for the development of instruments for 
measuring other radiation, in the field of nuclear 


physics. Quite recently the T.R.E. arranged an 
Exhibition in which the varieties of interesting equip- 
ments developed by the Establishment during and 
after the war, was demonstrated. 

The school of electronics of the Ministry of 
Supplies is also situated within the T.R.E. 

The T.R.E. is directly under the Ministry of 
Supplies and its annual budget amounts to something 
like 3 millions of pounds. 

S. (h alter jee 
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INTROUCTJON 

IJURING recent decades an increasing amount of 

attention has been paid by plant breeders and 
geneticists, particularly in the U.S.S.R., to the wild 
relatives of cultivated plants. The Russian botanists 
under the leadership of N. I. Vavilov have introduced 
many hundreds of new varieties, both wild and culti- 
vated, as a result of extensive explorations in a great 
part of the Old and New Worlds. Similar collections 
have also been made by the Plant Exploration Service 
of the United States Department of Agriculture and, 
on a smaller scale, by other countries. These plant 
collections contain many thousands of new and 
valuable characters which are being made use of in 
the improvement by breeding of various cultivated 
plants. The tomato Lycopersicon esculentum Mill is 
among the plants whose wild allies are under investi- 
gation in various countries. 

The Wild Tomato Species 

Before the publication of two taxonomic mono- 
graphs on the genus Lycopersicon , one by Muller in 
1940 and one by Luckwill in 1943, about sixteen 
species were recognized. Muller after a detailed 
Systematic study of the living as well as herbarium 
material reduced the number to six including a new 
species added by him. Luckwill also was engaged in 
a similar study about the time Muller's publication 
appeared. He undertook a cytological investigation 
in addition to studying the external morphology and 
classified tomatoes into seven species. Like Muller, 
Luckwill also added a new species. According to the 


most recent classification, therefore, the following 
seven species are recognised : 

L. esculentum Mill. 

L. pimpinelliforium (Jusl.) Mill. 

L. pissisi Phil., (Luck will's new species) 

L. cheesrnani Riley, 

L. peruvianum (U.) Mill., 

L. glandulosum C. II. Muller (Muller's new 
species), 

L. hirsutum Humb. and Bonpl. 

With the exception of L. ckeesmaiii which is 
truly native outside the American continent, all other 
species are indigenous to the western coast of South 
America, having their centre of distribution in Peru. 
The first two species are yellow-fruited or red-fruited 
annuals having edible fruits. The rest are more or 
less perennial, having non-edible fruits which do not 
turn yellow or red on ripening. The latter group of 
species is reputed to stand intense drought and high 
temperature. There are indications that amongst the 
seven species there exists a number of strains spid 
ecotypes having different reactions to various diseases 
and to varying climatic and soil conditions. 

Useful Characters ok the Wild Stecies 

The wild species are considered important chiefly 
for the high disease resistance exhibited by some of 
them ; L. pimpinellifolium however possesses some 
other desirable characters as well. The following are 
the economically-important characters of the # wild 
species : 

L. pimpinellifolium. Large number of fruits per 
truss (fruits are however very small) ; early 
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ripening ; resistant to Fusarium wilt, Leaf 
mould, Septoria blight, Colletotrichuiu fruit 
rot and Bacterial canker, high vitamin C 
contents ; fruits sub-acid. 

L. peruvianum . Rich in sugar ; resistant to 
tobacco mosaic virus, Leaf mould, Fusarium 
wilt, Septoria and Altcrnaria blight and 
Bacterial spot ; also shows nematode resist- 
tance ; high vitamin C content. 

L. pissisi. Not found to be of any economic im- 
portance. 

L . chcesmani . Not found to be of any economic 
importance. 

L . hirsutum. High degree of resistance to defolia- 
tion diseases, Fusarium wilt and tobacco 
mosaic virus ; fruits unpalatable and pro- 
bably poisonous. 

L. glandulosum. No promising disease-resistant 
lines have been met with in this species. 

Utilization of the Wild Species 

Crossing of the commercial varieties of the 
common tomato with selected strains of the wild 
species has been carried out on a fairly extensive 
scale in various countries particularly in the United 
States of America (Florida, Texas, Massachusetts, 
New Hampshire, South Carolina, Purdue, Missouri, 
Idaho, Ohio, Nebraska, etc.), Germany, England, 
Canada, etc., and on a smaller scale in India. From 
the utilitarian point of view it may be said that the 
breeding programmes have been planned with the 
following main objectives in view : 

1. Obtaining early varieties suitable for off- 
season growing. 

2. Obtaining varieties with high vitamin C 
content. 

3. Obtaining varieties with high sugar content. 

4. Obtaining varieties resistant to bacterial, 
fungal and virus diseases and also to insect 
pests and nematodes. 

From the information at present available it is 
evident that out of the six wild species now recognized 
only three, viz., L. pimpinellifolium, L. peruvianum, 
and L. hirsutum, possess desirable characters which 
could be made use of in tomato breeding. Out of 
these three it is the red-fruited species, L. pimpinelli - 
jolum, which has proved the most useful so far and 
crosses with which have resulted in some improved 
varieties now grown on a commercial scale. 

Breeding Work Outside India 

Breeding early varieties for out-of-season growing . 
— In the United States of America work on this aspect 
was initiated as early as 1937 by Yarnell and 


Hawthorn. A variety named “Farthest North 1 * has 
been evolved in the United States of America which 
combines the extreme earliness of L. pimpinellifolium 
and the large fruit-size and determinate or * ‘self- 
topping* * habit (here growth stops after the plant has 
developed a certain number of fruit trusses) of the 
variety Bison of the common tomato. At the New 
Hampshire Agricultural Experiment Station strains 
exhibiting extreme earliness have been selected from 
crosses between Early Chatham (L. esculentum) and 
L. pimpinellifolium and L. peruvianum . 

Breeding for high vitamin content . — L. peruvia- 
num has been found to contain the highest vitamin C 
content, about two to three times that of the com- 
mercial tomato varieties. L. pimpinellifolium has also 
high vitamin C content. At Purdue University it 
has been shown that L. hirsutum has several times 
more pro-vitamin A than the existing commercial 
varieties. Previously it was believed that it is difficult 
to combine high vitamin content with large fruit size. 
But work at New Hampshire where two varieties with 
high vitamin C content, one small-fruited (Tiny Tim) 
and one large-fruited (Windrow Box) have been 
selected has shown the possibility of obtaining such 
a combination. At the Ohio Experiment Station con- 
siderable success has been achieved in uniting the 
high vitamin C content of L. peruvianum var. humi - 
fusum with varieties of L. esculentum. 

Breeding for high sugar content. — L. peruvianum 
is rich in reducing .sugars and the fruits have a 
sweetivSh taste ; L. pimpinellifolium also lias sub-acid 
fruits. In Germany, about the time when World 
War II started the German breeders claimed to have 
developed from crosses with L. pimpinellifolium, 
strains with fairly high sugar content, the fruits of 
which could be used as dessert like other juicy table 
fruits. An account of the early work on this aspect 
was published by Sengbusch and Weissflog (1933). 
In general it may be stated that several of the 
economic selections made from crosses with this 
species are reported to have less acid fruits with a 
more pleasant flavour than that of the common com- 
mercial varieties. 

Breeding for resistance to bacterial, fungal , and 
virus diseases and insect pests. — About thirty para- 
sitic diseases of tomato are known to occur in the 
various tomato-growing countries, caused by fungi, 
bacteria and viruses. The more serious of these arc 
Fusarium wilt caused by Fusarium lycopersici Sace., 
leaf mould caused by CladosPorium fulvum Cooke, 
grey leaf spot caused by Stemphylium solani Weber, 
early blight caused by Alternaria solani (Ell. & Mart.) 
Jones and Grout, and spotted wilt and tobacco mosaic 
viruses. Out of the few pests belonging to the animal 
kingdom the nematodes are more important. Most 
of these diseases are important under glass-house con- 
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ditions and are rare in the open fields. Some useful 
information regarding these diseases is available in 
Berkeley and Richardson’s paper (1944). The plant 
breeder has been fortunate in having available closely- 
related wild species, certain strains of which have 
been experimentally demonstrated to be resistant to 
the diseases just mentioned. Considerable success has 
been achieved in developing commercial varieties 
resistant to most of these diseases. As a result of 
hybridisation between Globe and Red Currant (L. 
pimpinellifolium) and crossing back the progenies to 
the cultivated tomato parent, the variety ‘Globelle’ 
resistant to leaf mould has been evolved. At the 
Massachusetts Experiment Station another variety 
resistant to leaf mould and named as Bay State, has 
been developed from crosses between Waltham 
Forcing and a selection from the progenies of the 
cross L. csculentum x L. pimpinellifolium. Another 
important variety resulting from the utilization of L. 
‘pimpinellifolium is Pearl Harbour, resistant to spotted 
wilt virus, produced in Hawaii. It is a cross between 
Bounty (a North Dakota selection) and BC — 10 a 
California production from crosses with L. pimpi - 
nelli folium. The Pan-America tomato, highly resist- 
ant to Pusarium wilt and somewhat resistant to nema- 
todes, was the result of crosses between Marglobe 
and a wili-resistant strain of L. pimpinellifolium . At 
the Tomato Disease Laboratory, Jacksonville, Texas, 
two wilt-immune hybrids viz. T.772 and T.870 have 
resulted from crosses with the Red Currant species. 
At the Toronto University the variety Vetomold 
resistant to leaf mould has been similarly developed. 
A very elaborate and complex crossing programme 
is under way at the Florida (Beckcnback 1945) and 
Hawaii (Frazier et al 1946) Agricultural Experiment 
Stations for breeding varieties combining resistance 
to several of the serious diseases and high vitamin C 
content. There appears to be a definite possibility of 
breeding large-fruited tomatoes of high quality. 
Attempts have been made at Idaho Agricultural Ex- 
periment Station to breed varieties resistant to ‘curly 
top’ by making use of L. chilense (now L. peruvia- 
num var. dent alum). 

A recent article by Macarthur and Chiasson 
(1947) reviews our knowledge regarding the compati- 
bility and hybrid fertility of various interspecific 
crosses. 

Work Done in India 

There is no denying the fact that the tomato 
has received meagre attention at the hands of plant 
breeders and geneticists in India. One reason for 
this situation may be that unlike in the United States 
of America and United Kingdom this vegetable crop 
has not yet secured as much popularity in India. It 
is wel^ known that the tomato is a very nourishing 


fruit containing perhaps the largest number of 
vitamins known among vegetables. Not only it> 
merits should be pressed systematically to the public 
but also the methods of utilising it without impair- 
ment of its vitamin content of nutritive values. 
Hitherto the only attempts made towards its improve- 
ment lay in the haphazard importation and acclima- 
tization of European and American varieties by some 
of the seed merchants and private individuals. In 
most cases these imported varieties have not even been 
properly maintained. 

A few years back tomato breeding work on a 
small scale was initiated at the Division of Botany, 
Indian Agricultural Research Institute, New Delhi, 
to explore the economic possibilities of the utilization 
of the wild species, particularly L. pimpinellifolium. 
This species when grown at Delhi was found to be 
early ripening, developing a large number of small 
fruits which were non-splitting and with a sub-acid 
flavour. It was however not resistant to virus and 
cold but withstood hot weather better than the com- 
mercial varieties. A note on the preliminary results 
of the cross with L. pimpinellifolium has been 
published earlier (Pal and vSingh 1943). 

In the progenies of the second generation it was 
observed that quite a large number of the promising 
plants were rather sin all-fruited. To improve the 
fruit size, therefore, the hybrid plants of the first 
and .second generation were twice crossed back to 
the cultivated variety. Further “back-crossing”, as 
the process is technically called, was not considered 
desirable as with the increase in fruit size there- 
occurred a corresponding loss in some other useful 
qualities such as earliness. Up to now eight filial 
generations and five generations of the second back- 
cross have been grown and studied. Two years ago 
some of the promising selections were inter-crossed 
with a view to gain further improvement in earliness 
while retaining other desirable qualities. As a result 
of selection within the filial as well as the back crosses 
progenies, some promising lines which are almost 
pure-breeding are now available ; these are in the 
final stages of selection. These cover quite a wide 
range of fruit-ripening periods, fruit size, flavour, etc. 
Some of these selections are remarkable in that they 
can be trained to climb on a trellis like a grape-vine 
and others are ‘self -topping* forms which because of 
the uniform size of the fruits and their uniform 
maturity are easy to pick ; the latter are more suit- 
able for canning purposes. Although consumers 
generally prefer large-sized fruits, requirements in 
size depend on the use the fruit is to be put to e.g. the 
small-fruited forms, some of which have unusually 
attractive colour and shape, are more suitable for 
eating raw or in the form of tomato juice or soup. 
It has also been observed that unlike the common 
commercial varieties both the wild species and the 
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hybrid progenies can give quite large yields of fruits 
in spite of attack by virus diseases. Seeds of a few 
of the representative selections have been supplied 
this year to some of the provincial departments of 
Agriculture for trial under different climatic and soil 
conditions. The selections ripening in the “off 
season” are particularly important for Delhi and other 
similar places where rains and frosts limit the culti- 
vation of tomato. Side by side, the various selections 
have been analysed for vitamin C content* and some 
of them have been found to approach the high vitamin 
content of the wild parent. The vitamin content has 
however been found to vary from season to season 
although the general trend oi the results lias remained 
the same. 

Attempt was also made to cross another wild 
species, L. Peruvian urn with the cultivated tomato 
varieties. In this species, under Delhi conditions, 
flowers are profusely produced and are followed by 
normal fruits with viable seeds, over a greater part 
of the year. It has been found to be susceptible to 
virus as well as frost but stands hot weather even 
better than L. pirn pinclli folium. In all the crosses 
with cultivated varieties of tomato which were 
attempted it was only when the latter were used as 
the female parent that some fruits were obtained. 
These were however seedless. Further efforts are 
continuing. 

A third species, L. hirsutum, which was grown 
at Delhi in different seasons formed abundant vege- 
tative growth, flowered profusely but no fruit forma- 
tion took place at all; the pollen was however normal. 
This species also did not exhibit any resistance to 
virus or cold. No crosses were successful with it 
in any direction. 

Suggestions for Further Work 

Fortunately the problems of tomato-breeding in 
India are comparatively simpler than those in other 
cuntries particularly from the point of view of 

* The analyses were very kindly made for us by the 
Division of Chemistry, Indian Agricultural Research Insti- 
tute, New Delhi. 


diseases and insect pests. Our major problems are 
those occasioned by virus diseases and extremes of 
heat and cold. The most effective and economical 
way of solving these problems would probably be to 
breed varieties resistant to virus diseases as well as 
unfavourable seasonal conditions. In order to achieve 
these objectives it would be necessary first to build 
up a collection of strains or ecotypes of the wild 
species and standard commercial varieties available 
in other countries. The Indian Agricultural Research 
Institute proposes to deal with this aspect under the 
scheme for the Introduction of New Economic Plants 
which has just been initiated with the aid of a grant 
from the Indian Council of Agricultural Research. 

After the material has been obtained it should 
be studied in different parts of the country keeping 
in view the regional requirements. A suitable breed- 
ing programme could then be chalked out. 

In a country like ours where the bulk of the 
population is suffering from malnutrition, a nutri- 
tious, vitamin-rich crop like tomato which can give 
yields as high as 40,000 to 50,000 lbs. per acre 
deserves the special attention of plant breeders, 
geneticists and horticulturists in the country. 
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ELECTRO CHEMICAL RESEARCH INSTITUTE 


fJpHE foundation stone of the Electro-Chemical 

Research Institute, being the seventh in the 
chain of National Laboratories, sponsored by the 
Council of Scientific and Industrial Research was laid 
on July 25 last at Karaikudi (Madras) by the 
Hon'ble Pandit Jawaharlal Nehru, Prime Minister 
and Minister for Scientific Research, Government of 
India. The institute is the first of its kind in India 
and marks a landmark in the country’s industrial 
development, particularly in the field of chemical 
research. 

Laying the foundation stone Pandit Nehru 
emphasized the determination of the Government of 
India to apply science to the maximum possible 
extent to eradicate poverty in the country and to 
raise the standard of living of the people. 

Continuing he said that the greatness of a nation 
was judged not by its armed forces but by a pros- 
perous, contented and productive people. “We have 
to build up an India of this greatness so that she 
may become a symbol of progress, happy living and 
productive activity”. 

He believed that by such undertakings and by 
the yoking; of science to the public good they could 
advance the lot of the people of India and in tins 
way ultimately solve most of the problems that 
afflicted them today. 

He added: “I am told people living round about 
here lack even water to drink. They lack the good 
things of life. The first objective of both Provincial 
and Central Governments must be to provide these 
and the essentials of life to the people of India. 

“There are many ways of approaching this 
problem. But the basic and essential way is to strike 
at the root and to lay the foundations of power and 
to produce the needs of the people. Ultimately, our 
Government, whether in the provinces or in the 
Centre, will be judged by this one standard, namely, 
how far they have advanced the good of the people 
and bettered their lot.” 

By the application of science a great deal had 
been done to humanity, he said. “At the same time 
the application of science has also done a lot of injury 
to humanity. But we shall take the good from 
science, and I hope this Electro-Chemical Research 
Institute will produce power which is to be used for 
raising the life of Indian humanity. 

“The objective of the scientist must be to raise 
humanity, to raise human standards, and to help his 
fellow men. If that is the objective, then every kind 
of actfyity te desirable.” 


The objective of the Government of India, the* 
Prime Minister continued, was to put an end to all 
poverty and to provide employment to every indivi- 
dual irrespective of his caste, religion or community 
so that every person might be able to work and pro- 
duce the necessaries of life and thus contribute to the 
nation's progress. 

Addressing the meeting Dr Rm. Alagappa 
Chettiar, an astute industrial magnate, who made 
the generous gift of 300 acres of land on his estate 



I)k Rm. Ai.agapp.\ ChjlTti 

at Karaikudi and Rs. 15 lakhs towards the capital 
expenditure for the establishment of the Institute, 
said, “The long and chequered history of India has 
always given a great lesson to learn. While on the 
one hand kingdoms rose and fell, and wave upon wave 
of invasions swept over the land and political life 
degenerated into the byways of courtcraft on the 
other from the very dawn of the Vedie age the relent- 
less search for truth went on without any relaxing 
or interruption. The mystery of creation, the 
wonders of the world around, birth and death, the 
meaning and purpose pf life — these created a ferment 
in the minds of our ancestors. Systems upon systems 
of philosophy were developed. New religious faiths 
came into being. A few of them even denied God. 
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One and all of them flourished, for the burning of the 
heterodox and the wiping out of the unbeliever were 
not the ways of India. Truth as the mind of man 
conceived it was sacred and free and it was the 
search for truth that broadened down from precedent 
to precedent. This is the true history of Indian 
civilisation, the centuries of mutual endeavour to 
discover the nature of the synthesis that unifies and 
explains the seeming contradictions that present 
themselves on the surface of the Universe. The 
chief feature of Indian culture is this emphasis on 
freedom of thought. In modern times one speaks 
of the scientific approach. In the highest sense of 
the term it can mean no more than the canalization 
of disinterested intellectual curiosity and a fearless 
acceptance of whatever conclusions that flow out. 
By this definition our ancients were scientists in the 
truest sense of the word. We are the inheritors of 
that scientific approach. 0 

Referring to the selection of Karaikudi as the 
site for the Institute Dr Chettiar said : 

“The advantages of Karaikudi for the location 
of the Institute may not be quite well-known. 1 have 
been informed by knowledgeable men of science that 
Karaikudi being situated close to the magnetic 
equator is suitable as a centre for magnetic studies. 
It is close to the sea and is thus advantageously placed 
for carrying on oceanographic studies. The first 
grade college 1 had the privilege to start and which 
was recently declared open by our Premier of Madras 
Hon'ble Mr Oinandur Reddiar, will be the neigh- 
bours to this Institute and hence will have much to 
learn from and something to give to this great 
Institute. It is my hope to start here an Engineering 
College immediately, a college which God and the 
University of Madras willing will start functioning 
in civil engineering by the academic year 1949. 
Technological and polytechnic Institutions are next 
in my list. In course of time other branches of learn- 
ing will, I hope, r^se in this area and before long this 
temple of learning which has been blessed at every 
stage by good and saintly personages will radiate its 
halo and enlightenment to all who come within its 
orbit. 

“I have in mind the starting of a Research 
Institute in higher mathematics to be called the 
Rainanujam Institute of Mathematics — a small re- 
membrance to a great man. My scheme for this 
Romanujam Institute is ready and I hope it can be 
started in the not too distant future. This together 
with this great Electro-Chemical Institute which will 
start its career in a few moments will then form an 
aggregation of academic units of immense value to 
the culture and civilisation of our country. I am a 
dreamer, but you will agree dreamers are the most 


practical of men ; for without visions and dreams 
there is no shaping of the future and I have sufficient 
faith to feel that more and more of these dreams will 
soon be transformed into reality. 0 

Requesting Pandit Nehru to lay the foundation 
stone, Sir Shanti Swarup Bhatnagar, Secretary, 
Department of Scientific Research, Government of 
India, said that in 1945, Sri R. K. Shanmukham 
Chetty, as Chairman of the Industrial Research Com- 
mittee of the Council of Scientific and Industrial 
Research, recognised the need for a specialized re- 
search institute for Electro-Chemical Research .* 
The committee was convinced that a national labora- 
tory specially equipped for researches on electro- 
chemical problems was a sinc-qua-non for the ad- 
vancement of electro-chemical industries in India on 
rational and progressive lines. 

The Governing Body at its meeting held in 
February 1948 accepted the generous offer of I)r Rm. 
Alagappa Chettiar and the Hon’ble Prime Minister 
and the Vice-President, C.S.I.R. accepted the sugges- 
tion that the Institute should be located at Karaikudi. 

Referring to the scope and function of the labo- 
ratory Sir Shanti Swarup said, 

“Electro-chemical processes have completely re- 
volutionized the production of certain primary ] in- 
ducts such as chlorine, sodium, hydrogen peroxide 
and aluminium and permitted the development of 
new secondary industries utilising cheaper raw mate- 
rials. The cost of electrical power is usually the 
desideratum in these industries. While the per capita 
consumption of electric power in India, at the present 
time, is admittedly low compared to that in U.S.A., 
U. K. and U.S.S.R., it may be expected that before 
long it will rise several-fold, thanks to the bold policy 
and drive of the Indian Government in the imple- 
mentation of vast hvdro-clectric power projects all 
over the country. Coupled with this the availability 
of key raw materials and cheap labour will doubtless 
lead to a vigorous and multi-directional growth of our 
electro-chemical industries. The products of these in- 
dustries are of considerable strategic and economic 
importance. 

“To start with, the Electro-Chemical Research 
Institute will have two main Divisions, the Electro- 
lytic and the Electro-thermic. In addition, there will 
be ancillary laboratories and workshops consisting of, 
among others, an Analytical Section, a Chemical 
Engineering Section, a Testing and Standardization 


* The need for electro-chemical researches and their 
importance have been stressed in this journal much earlier 
as will appear from the number of notes and articles pub- 
lished from time to time. <See Science St Culture, Vol. 5, 
p. 350, Vol. 9, p. 383 and Vol. 10, p. 79) . — Ed. : Sd k & Cul 
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Section and an Electronics Section. The investiga- 
tions will cover problems relating to: 

Production of heavy water, other inorganic sub- 
stances and organic chemicals by electro- 
chemical methods. 

Electro-deposition, 

Passivity and Corrosion, 


Electro-metallurgy, 

Electrolysis of fused salts, 

Primary and Secondary cells, 

Electric furnaces, 

Electro-analysis, 

Electro-thermal processes, and 
Electrically activated reactions in gases.” 


IFlotes anb mews 


SIR P. C. RAY MEMORIAL LECTURE 

The First Sir P. C. Ray Memorial Lecture was 
delivered by Prof. N. R. Dhar of the Allahabad 
University on August 2 last, at the University College 
of Science & Technology, Calcutta. The lecture was 
organized under the auspices of the Indian Chemical 
Society, of which the late Sir P. C. Ray was the 
Founder-President and a benefactor. Prof. P. Ray, 
President of the Society presided and H. E. Ur K. 
N. Katju, Governor of West Bengal, unveiled a port- 
rait of Sir P. C. Ray to commemorate the occasion. 

Speaking on “Nitrogen Transformations in 
Nature”, Prof. Dhar said, 

“All living substances contain nitrogen as one of 
its ingredients and hence the supply of nitrogenous 
matter for plants atid animals is perhaps the biggest 
problem of humanity. Neither most plants nor 
animals can utilize the free nitrogen present in air 
in building up their bodies. There is ati essential 
difference between animals and plants depending 
upon the fact that plants can thrive on simple in* 
organic nitrogenous substances like ammonium salts 
and nitrates for their nitrogen requirements, whilst 
animals must have complex organic compounds con- 
taining not only nitrogen but also carbon, hydrogen, 
oxygen and frequently sulphur and phosphorus for 
their existence. These substances are known as 
amino acids and proteins.” 

Continuing Prof. Dhar said, “Researches carried 
on at Allahabad and elsewhere have definitely estab- 
lished that when ammonium salts are added to the 
soil as a manure, a large proportion is not utilized 
by the crop nor it remains in the soil but is wasted 
as nitrogen gas. Moreover it has been proved that 
inorganic manures do not improve the fertility <?f the 
sod permanently as organic manures like cow-dung, 
farmysyrd manure, plant residues, leaves, molasses, 
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etc., arc capable of doing. Rothamsted result obtained 
from experiments lasting for a century have shown 
that when even 100 lbs. of nitrogen are added per 
acre in the form of ammonium salt or nitrate it does 
not improve the nitrogen content of the soil perma- 
nently but with farmyard manure at the rate of 
14 tons per acre the nitrogen content of the soil is 
increased 300 per cent. This has been explained 
from the researches carried on at Allahabad Uni- 
versity because organic matter leads to nitrogen fixa- 
tion from air and the protection of soil nitrogen. 
The value of farmyard manure or cowdung depends 
not only on its nitrogen contc^ ♦ as it is generally 
believed but on its ability to fix atmospheric nitrogen 
and thus enriching the soil. Rain water adds 
approximately 7 to 8 lbs. of nitrogen per acre of land 
in most parts of India and this is a useful source of 
nitrogen in a readily available form. Alluvial soils 
of India contain approximately 1000 pounds of total 
nitrogen per acre of land up to 9 inches deep, whilst 
the soils in temperate climate contain approximately 
double the amount of total nitrogen but due to the 
high temperature and sunlight prevailing in India, 
the amount of ammonium salts and nitrates which 
are known as available nitrogen and is actually used 
by growing plants in building up their body materials 
is approximately 100 lbs. per acre, whilst in colder 
countries it is 20 lbs. A good crop of wheat or paddy 
requires 30 to 40 lbs. of nitrogen per acre. This 
explains why a steady crop yield is observed in most 
tropical countries even without the addition of any 
artificial manures. The cellulose materials remaining 
in the soil after harvesting the crops cause nitrogen 
fixation which is aided by sunlight and this is the 
chief source of the constant supply of nitrogen in 
tropical agriculture. Researches at Allahabad have 
shown that more nitrogen is fixed hv the help of sun- 
light on the surface of the earth than the total 
nitrogen fixed in all industrial concerns of the world. 
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The source of soil nitrogen is the fixation of nitrogen 
of the air on soil surface by the oxidation of cellulosic 
and other organic substances.” 

Unveiling the portrait of the late Sir P. C. Pay, 
H. E. Dr Katju dwelt on the life and work of the 
great scientist, who was not only a great scientist 
but also a great patriot. Whenever his nation had 
called, he had always been ready to help in any way 
he could. He had coupled his profound scientific 
knowledge with an outstanding devotion to the 
spinning wheel. From the commencement of the 
non-co-operation movement to the end of his life he 
had laid great stress on the spinning wheel in order 
to identify himself with, and showed his sympathy 
for, India’s masses residing in the villages. 

His was a wonderful personality, closely resem- 
bling that of Mahatma Gandhi in a variety of ways. 
He was noted for his austerity and simplicity. Unlike 
the Mahatma, however, who had been forced to live 
in the limelight, Sir P. C. Ray lived a life of seclu- 
sion surrounded only by his beloved students. ^ 

STUDIES IN HISTORICAL CHEMISTRY 

Evkn at present when many chemical ideas are 
undergoing changes in the light of the new funda- 
mental knowledge of the nature of matter, more 
attention is being paid to dig up past history of 
chemistry. Under the editorship of T. L,. Davis, 
Massachusetts, an editorial committee has been 
formed for this purpose which includes distinguished 
scientists of both England and America. The editor 
has recently published a volume of “ Chymia ”, which 
is an annual study in the history of chemistry. It 
preserves many of the long pursuits, in the course of 
which alchemy was transmuted into chemistry and 
includes photographs of some entirely new documents 
relating to historical discovery, contemporary por- 
traits and illustrations. The Journal of Chemical 
Education (June, 1948) contains four articles on 
historians and history of chemistry in different lands. 
A description of the activities of Dr Ernst Cohen as 
a historian of Dutch chemistry and that of Dr 
Charles Albert Browne as an organiser of the Division 
of History of Chemistry in America have been given 
with many attractive illustrations. That India has 
her own story to tell in chemistry, had already been 
proved by the late Sir P. C. Ray, and has been 
summarised in the above mentioned issue of that 
Journal by Professor P. Ray, who has lately moved 
on behalf of the Indian Chemical Society, in the 
matter of revising the study of ancient Indian 
chemistry. It is hoped that this will bear fruits when 
the Ministry of Education of the Government of 
India comes to its aid with necessary financial assis- 
tance for which, we understand, the Government and 


the UNESCO have already been approached by the 
Indian Chemical Society, 

SOIL STRUCTURE AND SOIL FERTILITY 

That fertility plus a favourable soil structure 
and not fertility alone renders soils capable of pro- 
ducing maximum crops was stressed by Dr A. K. 
Dutt, while speaking on “Soil Structure and Soil 
Fertility” at a meeting of the Botanical Society of 
Bengal at the University College of Science & Techno- 
logy, Calcutta. Dr K. Biswas, Director-designate, 
Botanical Survey of India, presided. 

The universal practice to build up and maintain 
a favourable soil structure is through organic matter 
and the effectiveness of such a practice depends on 
the kind and amount of organic matter used. It is 
disappointing to observe that in India soil structure 
has not yet received as much attention as has soil 
fertility. Field experiments by the speaker have 
shown that a favourable and stable structure which 
we need to build up through organic matter can 
also be built up by using solutions of sodium and 
potassium silicates with increased yield of crops. 

l)r Dutt emphasized that our objective should 
be to develop, not only highly productive soils, but 
also a permanent agriculture. And to develop a 
permanent agriculture, we need to adopt ‘mixed 
farming’, that is, a combination of livestock and crop 
farming, introducing in the latter a sound and 
practical rotation in which grass, preferably a mix- 
ture of grass and legumes, which is most effective in 
building up an ideal soil structure, should be grown 
alternately with row crops and small grains. This is 
the kind of agriculture which can assure us of an 
adequate and well-balanced diet, and the introduc- 
tion of such an agriculture in our country is quite 
practicable. 


TRACER MICROGRAPHY 

A new method for the more effective tracing of 
radioactive isotopes in materials in which they have 
been intentionally introduced has been developed at 
the National Bureau of Standards. In this procedure, 
by means of a magnetic focussing arrangement, the 
radiation given off by a radio-isotope within a sample 
material is made to form an image of the emitting 
surface upon a photographic plate. The image may 
then be used in studying the distribution and con- 
centration of the radioactive element present in the 
sample. 

In the well-known method of radio autography 
a radio-isotope is introduced in a biological or other 
system, and the distribution of that particular element 
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within the system is determined by bringing the 
sample in close contact with a photographic emulsion. 
This method lacks resolving power, because, even in 
ease of perfect contact of the sample with the emul- 
sion, the circle of confusion from every point of 
emission is so great that details less than a tenth of a 
millimetre are very difficult or impossible to dis- 
tinguish. 

In order to improve the resolution of this tracer 
method, it was decided to use electron optical image 
formation for determination of the distribution of 
radioactive element within a given sample. This 
process, which may be called “tracer micrography”, 
is based on the emission of high-speed electrons by 
many tracer elements and the use of magnetic lens 
elements for forming an image on a suitable recording 
surface. 

In the absence of any means for correction of the 
chromatic aberration of electron optical lenses, the* 
first micrographs were limited to those elements that 
emit electrons of uniform speed. After some attempts 
with coluinbium 93, yttrium 87, strontium 85, stron- 
tium 87, protactinium 233, and gallium 67, the latter 
was selected for the initial tests. Gallium chloride, 
prepared by chemical separation from zinc, was 
bombarded by heavy hydrogen nuclei in the cyclotron 
at the Carnegie Institution, and the solution was 
evaporated drop after drop on a 1-inch tantalum disc. 
Radiation emitted from the surface of the disc, upon 
passing through a magnetic lens consisting of a small 
iron-clad coil with Armco iron pole pieces, was 
brought to a focus on a photographic film at a dis- 
tance of about 3J inches. An image of the tantalum 
disc was thus obtained showing radioactive areas. 
The conditions were selected so that a linear magni- 
fication of 2 was produced. 

The simplicity of the method, both in apparatus 
and technique, is one of its more important features. 
Vacuum requirements are very moderate, since the 
mean free path of the electrons is large in comparison 
with the apparatus dimensions, even at forepump 
pressure. 

Further improvements in tracer micrography are 
expected through after-acceleration of the beta parti- 
cles by means of a homogeneous electrostatic field. 
( Journal of Chemical Education, June, 1948)T 

PROMISING SOURCE OF TITANIUM 

Discovery of an extensive, easily accessible 
deposit of titanium minerals is revealed in the recent 
report of investigation. This is the source of the 
whitest of paint pigments and from this the U. S. 
Bureau of Mines has developed a method of producing 
a whito metal twice as strong as mild steel with very 


high corrosion resistance. The deposit is in the 
vicinity of Highland, Clay County, Fla. Drilling dis- 
closed an area of titanium bearing sand from 3000 to 
8000 feet wide and about 19 miles long. 

The titanium minerals in the deposit include the 
arizonite variety of ilmenite. In addition, the deposit 
includes other valuable heavy minerals — zircon, 
monazite, kyanite, sillimanite, and minor amounts of 
many others. 

Development of a method of producing ductile 
titanium, which can be drawn into wire and rolled 
into thin sheets, has opened up new fields of useful- 
ness which the Bureau is co-operating with industry 
to explore. Titanium pigment has recently been used 
in the development of a new type porcelain enamel 
which promised to give a more beautiful finish and 
greater durability than previously attained. The 
principal properties of the product — chemical inert- 
liCvSs, fine texture and high covering power — enabled 
it to be used for many different purposes including 
the manufacture of paints, fine paper, cosmetics, 
nylon and rayon stockings, linoleum, soap, rubber, 
plastics, and cement. (The Chemical Age, July 3, 
1948). 


CHROMATED PROTEIN FILMS 

Chromated protein coatings offering a con- 
venient, inexpensive means of protecting metals — 
especially zinc, iron, brass and aluminium — during 
outdoor storage in mildly corrosive atmospheres have 
been developed by U. S. National Bureau of Standards 
scientists, who say that the protective value of such 
films is better than that afforded by chemical surface 
treatments and is much superior to that of corrosion- 
inhibited oils and waxes. In providing protection 
the metallic surface to be coated is first dipped in 
casein, albumin, or gelatin ; the resultant film is then 
impregnated with chromate, which both hardens the 
film and inhibits corrosion. 

The principal constituents of the cliromated pro- 
tein films are a corrosion inhibitor for the metal, a 
protein which acts as a vehicle for the inhibitor, a 
hardening agent, and a bactericide to prevent putre- 
faction of the protein. The four functioning consti- 
tuents of the film can be applied in a single step or 
in several steps, according to the compatibility of the 
agents and the degree of protection desired. In the 
Two-step* process, which the Bureau found most 
satisfactory, the metal is first dipped in an aqueous 
protein solution. When the resulting protein film is 
dry, it is immersed in an acidified chromate solution 
for one-half to, three minutes and allowed to dry 
without rinsing. The preparation of the protein 
solution varies somewhat with each protein. The 
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chromate solution contains chromic acid (0 5 to 2 per^ 
cent) or a dichrontate of zinc, iron or nickel (1 to 10 
per cent). . Clironiated protein films are yellow and, 
unless opaque pigments have been added, are trans- 
parent. Their flexibility and adhesion are sufficient 
to prevent cracking or separation when the metal is 
bent. They are not injured by heating to 150°C. 
(The Chemical Age, June 19, 1948). 

CAUSE OF CELL VULNERABILITY IN T B FOUND 

Identification of a chemical substance in the 
tubercle bacillus as being responsible for the cell 
destruction characteristic of tuberculosis has been 
announced by a Stanford University scientist. This 
bacillary wax-like substance, which is a combination 
of starches and fatty acids, is the essential ingredient 
in determining that the body will respond to the pro- 
tein in the tubercle bacillus with the delayed form 
of hypersensitivity or allergy which leads to pro- 
gressive cell destruction in tuberculosis. 

In the course of experiments with the tubercle 
bacillus, Sidney Raff el of Stanford Medical School 
noted that bacterial cells which had been deprived 
of certain components failed to establish the allergic 
state. By chemical and physical means, including 
use of high speed centrifuges, he then broke down the 
bacterial cells and isolated the wax-like fat which he 
found to be the catalyst which precipitated vulner- 
ability of cells to destruction in tuberculous infection. 
The fat, he reports, does not induce the allergic con- 
dition. In fact, it causes no reaction. But when the 
proper antigen— in this case the protein- — is supplied, 
the fat is the decisive factor in directing the nature 
of the body’s response. 

Dr Raffel suggests that the finding may prove to 
be a fundamental one applicable to all instances in 
which infection results in this kind of delayed 
allergy . — (Chemical & Engineering News, June 28, 
1948). 

INSULIN FROM WHALES 

Tiie; Danish physician William Sterling and H. 
C. Hagcdoru are investigating the possibility of 
extracting insulin from the pancreating glands of 
whales. The insulin content of the pancreas of the 
whale was reported by the investigators as 50 per 
cent less than that of the pig, but the weight of the 
gland, 75 kilograms, is a thousand times greater than 
that of the pig. 

C. J. Labuschagne, of the medical school of 
Capetown, South Africa, has found that the pancreas 
of sharks, contain a very high percentage of insulin, 
1,300 of sharks producing the same amount as ob- 


tained from 4,000 to 5,000 cattle. “I am convinced”, 
Labusehagne said, “that the production of insulin 
from sharks would prove a profitable business for 
any enterprising firm”. “What was of particular 
interest about the whale pancreas”, he said, “was its 
high insulin content ; if all the factory ships collected 
insulin from the whales they cut up, it would increase 
the world supply and bring down the price.” The 
latest whaling factory ships of Norway, launched in 
Denmark in April last, would be a modern hospital 
and laboratory as designed by William Sterling. — 
(Chemical & Engineering News, 20, 1948). 


VITAL LIVER EXTRACT 

Successful isolation of the obscure factor in liver 
extracts which is responsible for relieving Addisonian 
pernicious anaemia was claimed by two research 
teams in England and U. S. A. The potent factor 
in the liver was a red substance more powerful than 
any known vitamin or hormone, and was active 
against pernicious anaemia in the minute dose of 
1/200,000 of au ounce. It is estimated that no less 
than 10 tons of liver will be needed to produce a 
quarter gramme of crystals. A dose of one 'in two 
millionth of an ounce is likely to be sufficient for 
the patient, a dose practically unparalleled by any 
other biological substance known to man . — (The 
Chemical Age, 58, 851, 1948). 

DEFENCE RESEARCH 

Dr D. S. Kothari, Professor of Physics and 
Dean of the Faculty of Science, University of Delhi, 
has been appointed as the Scientific Adviser to the 
Ministry of Defence and the Board of scientists 
advising the Ministry include Dr H. J. Bhabha, 
Dr S. S. Bhatnagar and Dr K. S. Krishnan. 

The last war proved beyond doubt the importance 
of scientific research and development in the conduct 
of operations. On grounds of secrecy and other 
political reasons, very little was done to encourage 
scientific research in the Indian Armed Forces and 
India was dependent almost entirely in this matter 
on the U. K. But, even so, it was felt during the 
war that it was desirable to organise scientific 
research in defence matters in India to avoid India 
being entirely dependent on the U. K. in an emer- 
gency. In 1946, Dr Wansborough Jones, a distin- 
guished scientist with experience of defence research 
work in the U. K. was invited to visit India to advise 
the Government of India on the subject and lie 
suggested the appointment of an eminent scientist 
as the head of the Scientific Organisation for the 
Defence Services of India. * 
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The Defence Ministry after consultation with 
distinguished Indian scientists, decided to appoint Dr 
D. S. Kothari. Professor P. M. S. Blackett, a 
scientist of international repute and an authority on 
operational research in the U. K., has agreed to visit 
India for short periods every year to advise and assist 
the Ministry pf Defence in the building up of a sound 
scientific organisation and in pursuing fruitful fields 
of research in defence science. Professor Blackett is 
just at present on a four-week visit to India. lie 
has already visited the Military Academy at Dehra- 
dun. 

ATOMIC ENERGY COMMISSION 

The Government of India have set up an 
Atomic Energy Commission as per provisions of the 
‘Atomic Energy Act, 1948* (See Science and Culture, 
14, p. 66). Dr H. J. Bhablia, Director, Tata Insti- 
tute of Fundamental Research will be the Chairman 
and Dr K. S. Krisnan, Director, National Physical 
Laboratory and Dr S. S. Bliatnagar, Secretary, 
Ministry of Scientific Research as members of the 
commission. The latter will also act as secretary. 
The commission will carry out its work under the 
direct guidance of Pandit Nehru, the Prime Minister 
and Minister for Scientific Research. 

The commission would enforce the provisions 
of the Atomic Energy Act by taking such steps as 
may be necessary to protect the interests of the 
country in connection with atomic energy, survey 
the territories of the Indian Dominion for the loca- 
tion of useful minerals connected with atomic energy 
and promote research in their own laboratories and 
subsidize research in existing institutions and uni- 
versities and provide teaching and research facilities 
in nuclear physics in Indian universities. 

ANNOUNCEMENTS 

PROP, Maneck B. Pithawai.ua of the University 
of Sind (Pakistan) has been elected Foreign Corres- 
ponding Secretary of the American Society for Pro- 
fessional Geographers. 

Sri P. K. Basu Mallick, Lecturer in Histpry, 
Hindu College, Delhi, is appointed Registrar, College 
of Engineering and Technology, Jadavpur, (West 
Bengal). Son of the late Raja Subodh Chandra Basu 
Mallick (founder-benefactor of the National Council 
of Education, Bengal), Sri Basu Mallick is a political 
sufferer and was involved in the In ter -provincial 
conspiracy case, 1933. Later in 1937 he obtained 
honours degree in History from the Trinity College, 
Cambridge, and was Professor of History at the Presi- 
dency College, Calcutta, from 1938-40. 

A half-yearly list of Zoological papers published 
in India, Burmfc, Pakistan and Ceylon will be issued 


along with the Proceedings of the Zoological Society 
of Bengal in March and September every year. The 
Zoological Society of Bengal, 35 Ballygunge Circular 
Road, Calcutta, seeks the co-operation of all zoologists 
in India, Burma, Pakistan and Ceylon and requests 
them to send copies of their reprints of papers pub- 
lished in 1948 to facilitate the proposed compilation 
for the current year and all subsequent years. 

Tiih Scientific Co-ordination Committee of the 
Department of Scientific Research as announced 
earlier (See Science and Culture, 14, p. 66) will con- 
sist of Dr S. S. Bhatnagar, Dr J. C. Ghosh, Prof. 
P. C. Mahalanobis, Dr. J. N. Mukherji, Dr C. G. 
Pandit, and Maj.-Gen. S. S. Soklicy. 

Prof. S. Bhagavatam, Head of the Department 
ol Physics, Andhra University, Waltair is appointed 
as Indian Scientific Liaison Officer in the U. K. 
Dr Bhagavantam will shortly take up his new 
appointment. 

Sir Ben Lockspeiscr,, chief scientist to the 
British Ministry of Supply and Sir Alfred Egerton, 
secretary of the Royal Society have arrived in India, 
to review the work of the Indian Institute of Science, 
Bangalore, as desired by the Government of India. 
Dr Egerton is the chairman of this committee, and 
the third member is Dr J. N. Mukherji, Director, 
Indian Agricultural Research Institute, New Delhi. 

The following awards of Research Fellowships 
have been made by the Council of the National 
Institute of Sciences of India for the year 1948-49 : 

A. National Institute of Sciences Senior 
Research Fcllowsh ips. 

Dr J. Bliitnaseuacliar (Physios), Andhra University, Waltair. 
Ur V S. D. Chatterjee (Physics), Bose Institute, Calcutta. 

Dr B. I). Tilak (Chemistry), Bombay University, Bombay. 
I)r L. S. Ramaswami (Zoology), Mysore University, Banga* 
lore. 

B. National Institute of Science Junior 

Research F cllow ships. 

Mr U. Buruian (Mathematics), Calcutta University. 

Mr B. K. Banerjea (Physics), Calcutta University. 

Mr K. Das Gupta (Physics), Calcutta University. 

Mr P. C. Mukherjee (Chemistry), Calcutta University, 

Mr S. Veda Raman (Chemistry), Indian Institute of Science, 
Bangalore. 

Mr Y. Sunder Rao (Botany), Government College, Hoshiar- 
pur, East Punjab. 

Mr S, D. Misra (Zoology), Lucknow University. 

C. Imperial Chemical Industries (India) 

R esearc h Fcllowsh ips . 

Dr R.G. Chatterjee (Chemistry), Calcutta University. 

Mr K. Venkatesworlu (Phy.sics), Andhra University, Waltair. 
Mr T. V. Deshikaehary (Botany), Madras University. 

Mr J. Mitra (Botany), Calcutta University. 

Mr T. V. R. Pillay (Zoology), Zoological Survey of India. 
Dr C. V. Subramaman (Botany), Madras University. 
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BOOK REVIEWS 


Dynamic Aspects of Biochemistry — By Ernest 

Baldwin. Cambridge University Press, 1947. 

Pp. 457. Price 2\s. net. 

During recent years a body of fundamental know- 
ledge has been built up in the science of Biochemistry, 
which relates to the chemical events that underlie 
all living phenomena. In the early stages', naturally, 
a mass of facts had to be accumulated regarding the 
chemical substances which are present in tissues and 
also regarding the end products of reactions occurring 
in the body. Without this knowledge it is obviously 
impossible to follow the reactions which occur in the 
living cell through various stages. The understand- 
ing of the biochemical events is in a sense even more 
fascinating than the study of single chemical sub- 
stance isolated from biological materials. In the book 
under review, Dr Baldwin has dealt with the subject 
from this dynamic standpoint. Biochemistry has now 
become an independent discipline in most progressive 
Universities and in the teaching of the subject this 
dynamic aspect should be brought before the student 
as early as possible, so that he may soon get into 
the habit of thinking in terms of the dynamics of the 
reactions that produce the phenomena associated with 
life. The book is expected to serve this purpose. 

Part I of the book deals with enzymes. There 
arc chapters on the general properties of enzymes, 
the nature of the enzymatic reactions, the hydrolases, 
phosphorylases, oxidising enzymes and other enzymes. 
In these chapters the physico-chemical aspects of the 
enzymatic process are fully dealt with and up-to-date 
information is presented. Particularly interesting are 
the sections on the “adding 0 , “transferring 0 and 
“isomerizing 0 enzymes. The newer researches on 
trans-ammation, trans-amidination, trans-methylation 
etc. are described. There is also at the end of this 
part a classification of the enzymes. 

Metabolism is dealt with in detail in part II of 
the book. In one chapter the general methods used 
in the study of intermediary metabolism are des- 
cribed. In other chapters the metabolism of food, 
with particular reference to the metabolism of pro- 
teins, amino-acids, purines, carbo-hydrates and fats, 
are described. Most of the latest work on these sub- 
jects has been brought together in these chapters and 
critically surveyed. The biochemistry of alcoholic 
fermentation and of the amaerobie metabolism of 
carbohydrates in muscle and liver on which so much 
interesting information has been gathered in recent 
years has been particularly fully dealt with. 


The merit of the book is that it is true to its 
title, that is to say it gives a perspective of Bio- 
chemistry from the dynamic standpoint. Those obser- 
vations and interpretations which relate to the re- 
actions of the living cell are critically as well as 
synthetically presented, so that one gets a certain 
‘philosophical' satisfaction. The author does not miss 
the wood of the trees. Another special merit of the 
book is that it is very lucidly written and both the 
elementary and advanced students of Biochemistry 
would derive considerable benefit from its perusal. 
It has got a fairly large bibliography and there are 
indexes of authors and subjects. 

'*** B. C. Gr. 

German Primer for Science Students — By Hara 
Gopal Biswas, M.Sc., D.Phil. Published by the 
University of Calcutta, Second edition 1948. 
Royal Octavo. Pp. xiii 4-250. Price Rs. 7/8/ - 
only. 

I feel no hesitation in congratulating the author 
of this very useful publication. For one, who had 
never been to Germany, to write a Primer like this 
on the language of that country, reflects no. mean 
credit to his ability. The book may, therefore, be 
named a “German Self-taught" in the true sense of 
the word. Having succeeded in learning German so 
well with his own unaided efforts, the author is best 
qualified to show the way of his success to others. 
And this has, I believe, been fully proved by the 
publication of the Second Edition of the book. 

After dealing with the essential matters of 
Grammar the author has devoted one section to litera- 
ture and one on each of the important branches of 
science. These sections contain also illustrative 
passages with their English translation, which are so 
cleverly chosen that, because of their interesting and 
instructive contents, they assume greater importance 
than mere exercises of lessons in grammar and tran- 
slation. This removes in a great measure the boredom 
or dullness which the beginners usually experience in 
going through lessons or exercises for learning a 
foreign language. The volume ends in a vocabulary 
of nouns, verbs, and qualifying words used in science, 
arranged in separate groups. 

The book can be whole-heartedly recommended 
to all students of science who desire to have a work- 
ing knowledge of German. 


R R. 
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Municipal Labour in Calcutta — By K. P, Cbatto- 
padhyay and G. Ray. Published by the Depart- 
ment of Anthropology, Calcutta University, 1947. 
Pp. 36. PriceJRe. 1/1. 

This pamphlet does credit to the authors and 
also discloses a sorry state of affairs pertaining to 
the staff of the Corporation of Calcutta. Of about 
1800 workers a sample survey of 402 families was 
made by Sri Gautamsankar Ray. It is true that very 
recently the lot of about 1500 persons who at the time 
of the survey were receiving a “pay” of Rs. 16/- 
per month has been “ameliorated”, but still the 
general picture outlined in the pamphlet is valid. 
The short pamphlet is factual and helpful in its own 
way, but a more ambitious and human document com- 
parable to Charles Booth’s survey of London Life and 
Labour (sometime ago brought “up-to-date” in 
several volumes by scholars under the aegis of the 
London School of Economics) is yet to come. Still, 
the family budget analyses, (still more unbalanced in 
recent months by the continuing 'racket’ in prices of 
essential commodities), the figures regarding expendi- 
ture on intoxicants, the housing conditions tell their 
own tale to the great shame of Calcutta of human 
exploitation and misery. 

B. N. B. 


Modem Physics -By G. E. M. Jauncev, l).Sc. 
(third edition, 1948). Published by D. Van 
Nostrand Company, Inc., New York. Price 
$6.00 or 33. v. 

According to author this is a second course in 
College Physics ; it corresponds to R.Sc. Honours 
School of Physics of Indian Universities. Our course 
will be dangerously incomplete if the most progressive 
science of physics is taught in colleges ignoring the 
modern developments in the course. Such topics as 
radio, electronics and atomic energy will be of absorb- 
ing interest to the students learning in colleges 
While a good grounding in “Some useful mathe- 
matics” and classical physics is a prerequisite for a 
clear comprehension of “modern physics”, Prof. 
Jauncey has not omitted to incorporate such topics 
in the earlier parts of the book. For without the 
essentials of classical physics one cannot visualise in 
true perspective the modern aspects of the subject. 
The book can be analysed into three principal sec- 
tions. In the first section we find such topics as 
Wave motion, Alternating Currents, Electromagne- 


tic Theory of Radiation, Moving Charged Bodies and 
the Electron, Kinetic Theory of Gases, Specific 
Heats and Heat Radiation. In the 2nd section can 
be included the following topics : Electrons in 
Metals, The Photoelectric effect, Electronics and 
Radio, Special Theory of Relativity, X rays and some 
applications thereof. In the third section We like to 
incorporate his following chapters : Bohr Theory of 
Spectra, The Quantum Theory, Critical Potentials, 
Radioactivity and Isotopes, Nuclear' Physics (with 
Nuclear Fission), Cosmic Rays, Astrophysics, and 
General Theory of Relativity. The chapter on 
“Philosophical Implications” appended at the end to 
give a bright finishing touch is mainly based on 
Heisenberg’s Uncertainty Principle (as enunciated in 
1927). Towards the end of each chapter some exer- 
cises are given, which, we believe, will enable the 
student to master the theme to his satisfaction, and 
help him in a great measure in answering University 
questions in quite a neat and accurate way. We can 
safely recommend this volume to the care of the 
teacher and the student taking degree Honours. 

K. M. B . 


Science and the Nation — Published by * Penguin 

Books, Iiarmondsworth, Middlesex, England, 

1947, p. 249. Price one shilling. 

This is a book sponsored by the Association of 
Scientific Workers of Great Britain and include 
nineteen chapters of an unusually wide range ol 
interrelated subjects being the ‘spare-time work of 
a group of mostly young men and women, scientists, 
engineers and social scientists’, who believe that ‘the 
artificial and stultifying separation of the social and 
natural sciences should cease’. The book is intended 
for the enlightenment of every citizen and ‘is con- 
cerned with the future of British Science and with 
the application of its new strength to the solution 
of the problems of peace’. The book may as well 
be studied with profit in India and elsewhere. In a 
short introduction Prof. P. M. S. Blackett, President 
of the association and the well known British Scien- 
tist Hias hinted the necessity of a Central Body to 
survey the numerous uncoordinated government 
departments and private industries. Educationists 
will be particularly interested in the later chapters 
on science as part" of culture, science in general edu- 
cation, the training of scientists, and the politics of 
science. 

A. K. G. 
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LETTERS TO THE EDITOR 

[The Editors are not responsible for the views expressed in the letters . J 


RECLAIMING THE INDIAN DESERT 

I 

With reference to PitharCvalla’s article 1 I have to 
point out that the Luni River basin lies completely 
outside Jaipur territory, to the west, and in no way 
contributes to the wealth of that State. 

There are in existence six large bunds on the 
Luni River and its tributaries and of these only one 
fills with anything like reasonable frequency namely 
in five years out of thirteen ; the Pichiak Reservoir 
on the Luni River itself, located about 40 miles east 
of Jodhpur, has only overflowed once since 1930 
and therefore it will be obvious that it would not be 
economically feasible to increase the number of reser- 
voirs on this River system. 

The statement that the river tends to increase its 
width cannot be* substantiated ; the width varies 
according to the geology and topography of the 
country through which it passes and in the middle 
reach of the river, some sixteen miles west of Balotra, 
the river is confined to a narrow gorge in a conglo- 
merate overlying a rhyolite basement ; below this 
gorge, for a distance of some 40 miles, the bed is still 
comparatively narrow as the river is hemmed in by 
sand dume formations. 

There are some localities in the higher reaches 
where the bed widens considerably due to the pre- 
sence of rock bars which reduce the gradient causing 
the velocity to decrease to an extent which results in 
the dropping of the sand being transported. 

Jodhpur Government is in the process of con- 
structing a dam on the upper reaches of the Jawai 
River, which is the only important tributary remain- 
ing without a storage reservoir, but even in this case 
it is only economically feasible to consider storing 
some 7,500 mill. cu. ft. whereas the maximum com- 
puted flow, based on 76 years rainfall records, would 
be some 20,000 mill. cu. ft. 

The reference to the revival of the Luni Valley 
and the thousands of acres of land which would be 
catered for is, in the writer’s opinion, unbridled 
optimism which does considerable harm. 

The rainfall of the bulk of the Luni River Valley 
does not exceed 14 inches per annum and, in view 
of the sandy nature of the country the eventual 
run-off to the river cannot but be small, providing 
no opportunity for storage works. 

It is not possible to store in years of heavy rain- 
fall and carry through to years of deficit rainfall 


because the annual evaporation loss alone is in excess 
of seven feet and in any case reservoir sites df 
sufficient capacity do not exist nor would they be 
economically feasible if they did exist. 

There is no doubt that conditions in the semi- 
desert areas of western Rajputana could be consider- 
ably improved by attention to afforestation, control 
of grazing, improvement of small local storage tanks 
and contour bunding but funds will be needed on a 
far more generous scale than has been the case in 
the past. 

F. F. Fergusson 

Public Works Department, 

Government of Jodhpur, 

Jodhpur (Rajputana), 

17-3-1948. 

1 Pithawalla, M. B., Science anu Culture, 13 , 367, 1948. 


II 

Mr Fergusson ’s comments on the hydrography 
of the Luni basin, are welcome. It is gratifying to 
find that my article on the partial reclamation of 
Indian Desert, has stimulated the interest of State 
engineers like Mr Fergusson. 

The errors pointed out by him are not so serious 
and my reply to these are stated below : 

1. Jodhpur and the Luni basin , — There is an 
unfortunate typographical error, on p. 370 
( loc . cit. column 2, line 34). It is admitted 
that while the Jaipur State is in no way 
benefitted by the I<uni waters, “half the 
agricultural produce of the Jodhpur State 
is the gift of the Luni”, as there is a saying 
in Mar war. 1 I still contend that something 
must be and can be done for a hydrographi- 
cal control of the numerous rivers, small and 
big, contributing their share to the Luni 
water supply. Not less than 9 of them have 
been marked by me in the map in the whole 
basin, covering some 9120 sq. miles. 

2. Damming and Bunding — Most of Mr. 
Fergusson’s remarks pertain to the engineer* 
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ing operation of damming the river and its 
tributaries and the storage of rain water in 
the desert area. Hut I myself have not 
recommended such a method, knowing full 
well that both absorption and evaporation 
are in the extreme in this part of the desert. 
To make this point dear, I quote the rele- 
vant passage from my article: “To prevent 
all the good waters draining the eastern 
margin of the desert from being wasted into 
the Rann of Cutch, engineers should con- 
struct some terraces and bunds across the 
Luni and its tributaries in the upper reaches, 
in order that the discharge may be controlled 
and the waters allowed to flow smoothly and 
slowly downstream. Contour terracing for 


waters spread over a larger area in the Luni 
bajun than would otherwise be the case. 

Mr Fergusson himself admits that there 
are six dam s (or are they only weirs, specifi- 
cations not being given ?) already construct- 
ed on the different tributaries and they are 
naturally not so successful, and yet he has 
stated that a new (seventh) dam is being 
tried on the most important tributary, the 
Jawai, of the Luni river. This should have 
been done earlier, as according to his cal- 
culation, at least 7,500 million cubic feet 
of water have been wasted every year from 
this source, cost or no cost ! 

3. Increasing width of the river channel. — This 
is not only a fact but the important plea of 



raising more wheat crops is recommended 
For preventing inroads of sand, green vege- 
tation screens and other solid but permeable 
barriers have to be constructed along the 
banks of the rivers/’ What I have already 
stressed upon, therefore, is a method of pre- 
venting the floods (and they arc rather fre- 
quent in this tract) by constructing low bunds 
and contour terraces to control the waters, 
allow them to run smoothly and slowly down- 
stream and to give time to the cultivators to 
enable them to utilise as much of the running 
water as possible, instead of allowing the 
streamy to run away as the flashy nature 
of the Luni always permits. These flood 

5 * . 


mine to make some good use of this happy 
circumstance agriculturally. Mr Fergusson 
admits that in the higher reaches at least the 
bed widens and he gives the physiographic 
reason of the rock bars preventing the 
sudden flow. It is exactly this lesson from 
nature that we must learn in order to modify 
at least the flashy nature of the Luni and 
controlling the floods for a while, and not 
allow lakhs of' oil secs, of precious water (as 
many as 260,000 in 1944 flood, according to 
Sir Claude Inglis 3 ) to run to waste suddenly 
into the sands and the sea. 

But the river definitely widens in other 
areas as well for another reason viz., its 
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tendency not to scour its bed but erode its 
banks instead , with every flood. Some dry 
crops must be raised on the flooded areas on 
both sides of the river valleys (ej.g., dotted 
areas marked on the accompanying map). 
This is nature’s method of irrigating the 
desert parts of the Luni, and must be taken 
advantage of by us by means of modern 
engineering devices. We know that for 
about 15-20 miles between Bhawi and Luni 
Junction, the stream is narrow, being con- 
trolled by the geology and the Malani 
rhyolites and other igneous rocks preventing 
erosion. From Guha where a caravan route 
crosses the bed of the river to Ranodar 
another junction of camel paths, the river 
divides itself into several channels, then 
being overcome by sand dunes, it reduces 
itself to a singular narrow stream before 
falling into the swamp and salt beds. 
Besides, there are many natural islands 
formed in the bed of the river due to deposi- 
tion of the sand and silt charge, in many 
places and these can also be irrigated and 
cultivated. From Chawan to Tilwara and 
beyond, there arc other pretty broad ' 
channels, parallel to the Jodhpur railway 
lines, which are frequently damaged by the 
incoming floods. The left bank of the 
Luni, especially the Doab between the Jawai 
and the Lpni, is more hopeful in this respect 
than other parts, which are on the wind- 
ward side and damaged by the rain of sands 
from the Rann. Tube wells should be tried 
here. In this connection I should like to 
quote the example of the Comal river in 
the Trans-Tndus zone in the Punjab. Here 
the rain waters are all used up in irrigating 
the Dera Ismail Khan district before the 
river has any chance to meet the Indus in 
the lower ground. 

4. The sand nuisance . — It is admitted that this 
character of the Luni river, of evtjf widening 
its bed, is overpowered by Nature again 
by the accumulation of drift sand. But 
Mr Furgusson agrees with me that this 
nuisance can be stopped by planting suitable 
vegetation in a scheme of afforestation to be 
prepared by the State. 

5. Rainfall and run-off . — Mr Fergusson is not 
quite right when he gives the average rain- 
fall of the basin to be 14 inches only. 
It is on an average 18*95 inches. Besides, 
this particular Luni basin is fortunate 
in having both the Storm Tracts hi 
India (the Si W. monsoon .and the 


western depressions) passing across it for 
the greater part of the year, an exceptionally 
favourable circumstance in a “desert” area 
like this, inasmuch as the rainfall is spread 
over a longer period here than in other parts 
in the south. One would like to know what 
happens to this decent rainfall every year, 
when in drift arid Baluchistan and N.W.F. 
Province, much less rainfall (hardly 3-5"), 
is utilised by means of Karezes and hillside 
terraces. Moreover, Heron has suggested 
an increase of rainfall in Rajputana in recent 
years ! 

At the same time, it should be admitted 
that there is little relation here between 
rainfall and run-off, so that it is not in years 
of heavier rainfall e.g., 1907 and 1925, 
that there is greater run-off and any damage 
is then done by the floods, but it is on the 
contrary in years of lower rainfall, as m 
1908, 1*917, 1926 and 1944, that such is the 
case. The whole flood cycle lasts for about 
a fortnight only in An gust- Sept ember. It 
is for this reason that some up-to-date 
engineering works should be constructed to 
prevent such an excessive run -off at un- 
expected times. 

The whole object of my article, therefore, has 
been to present a synthetic view of the Luni basin 
and to make a regional survey of the entire area for 
the civil and irrigation engineers to see that they can 
certainly help to “Grow more food” even in the 
“desert” and advance the cause of Free India. 
Luckily Mr Fergusson himself has endorsed in his 
last paragraph my views and my own recommenda- 
tions of afforestation, control of grazing, contour 
bunding etc. So there is at least some hope 'f 
revival of the Indian Desert on this steppe-desert 
side, even according to the Jodhpur vState engineer. 

The question of finance, forced into the issue by 
Mr Fergusson, should not arise here in this good 
work that we can do for India’s national planning, 
now that all the Native States in India are being 
reorganised by the Government of the Indian Union 
and steps are being taken for preventing any wastage 
of their revenues in State luxurious ways and top- 
heavy expenditures. 

Manbck B. Pitha walla 

N. li, D. Government Engineering College, 

Karachi, 15-5-1948; 

1 Singh, R. 1\, “The Topography of Rajputana*', Ind. Geog. 
four., 22, p. 40. 

8 Annual Report of the Central Irrigation and Hydro-dyna- 
mic Research Station, Poona, 1945^ pp. 47-48.* 
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NATURE OF CONCENTRATED SHELLAC SOLUTIONS 

# 

The depolarisation of the transversely scattered 
light by shellac solutions has been explained on the 
assumption of the existence of molecular clusters in 
solution 1 ; the clusters have further been assumed to 
grow bigger and stabler at higher concentrations. 
The cluster formation of course results from the 
influence of secondary valency forces. In dilute 
solutions the shellac molecules are so far apart that 
the van der Waal’s force cannot operate. The 
greater the concentration of shellac, less is the dis- 
tance between the dissolved molecules and conse- 
quently greater is the association or cluster forma- 
tion. 

It may, therefore, be assumed, that more and 
more energy will be required to displace a molecule 
from its neighbour 2 as the concentration of shellac is 
increased and thus the activation energy for viscous 
flow will increase with concentration. 

The calculation of activation energy for viscous 
flow at various concentrations was done from the 
temperature coefficient of specific viscosity (v*v~ 
r)/rj n 1) of the shellac solutions. The results for 
ethyl alcoholic solution are given in Table I. 

TABLE 1 


‘/O of ! 

E 

shellac ! 

(cal /mole) 

5 j 

1247 

US 

1645 

20 

1894 

30 

2967 

40 

4158 

50 

5455 


'fhe value of E increases rapidly at higher con- 
centrations in case of other solvents and mixed 
solvents also. 

The measurements of anomalous viscosity also 
showed that above 30% concentration of shellac, 
yield value also increased rapidly while at lower 
concentrations yield value was extremely small. The 
results for ethyl alcoholic solution are given in 
Table II. 

TABLE II 


% of Yield value 
shellac (dynes /cm.*) 


20 9 

30 20 

40 33 

50 50 

60 150 

In no case, however, it was possible to detect 
rigidity m static, experiment using SvvedoffV elasto- 


THE EDITOR , 

meter. This is most probably due to the fact that 
the molecules in the cluster have got pronounced 
equilibrium distance, i.c they are so far apart and 
possess so much energy, both kinetic and potential 
that they are not very far from instability. 

Thanks are due to Dr P. K. Bose, Director, 
1 n dian Lac 0 Research Institute, N amkum , Ranchi , 
for his keen interest in the present work. 

Sauhan BAvSU 

Indian Lac Research Institute, 

N amkum, Ranchi, 

! 6-5-1948. 

1 Bosu, vSCUSNCB AND CUtTUklC, 14, 79, 1948 
* Arnlrad, Phil. 17 , 497, 698, 1934. 

3 Ilatschek, The Viscosity of Liquids, 1928, p. 224. 


OCCURRENCE OF ISOSPOKA PIRPMPENS HOARE IN 
THE INTESTINE OF THE GRASS SNAKE MATRIX 
PLATYCEPS AT MUKTESWAR* 

Thk examination of ten specimens of the grass 
snake, Matrix platyceps, captured at Mukteswar 
(height above the sea level, 7,500 ft.), during the 
months of July to September, 1947, revealed a 
cocci dial infection in fvvo individuals. Oocysts found 
in the faeces were indentical with those of Isospora 
dirumpens Hoare 1 described from the “Puff Adder* 1 
(Bit is arietans) collected near Entebbe (S. Africa). 
Thus a new host, Natiix plalyccps for 1. dirumpens 's 
recorded from India, a country situated so wide apart 
from the ‘original* home of this coccidium. 

In the first instance numerous spores with four 
sporozoites m each were seen, which were provi- 
sionally identified as Cryptospoiidia sp., 2 but this 
was soon dismissed because on closer examination 
several thin-walled unruptured oocysts of I. dirumpens 
were also encountered in the same sample of faeces. 
Such oocysts contained mature spores. 

Sporogony of this coccidium was completed 
within the host tissues and that is why usually only 
free sporocysts were recovered from the faeces. 
Parasites occurred mostly in the subepithelial tissues 
of the small intestine as described by Hoare. 

In all respects the oocysts and sporocysts of this 
coccidium from the grass snake conformed to the des- 
cription of /, dirumpens Hoare. In the majority of 
sporocysts from the grass snake, however, the residual 
body presented a scattered appearance rather than a 
compact mass of protoplasm as described by Hoare 
in the coccidium from the “Puff Adder* \ 

* Read before the Section of Zoology and Entomology, 
35th Sessidh of the Indian Science Congress held at Patna 
in January, 1948. 
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We are deeply indebted to Dr Li. R. Becker of 
Iowa State College of Science, U.S.A., for kindly 
providing us with a photostat of Triflitt’s article. 

H. N. Ray 
Harbans Singh 

Indian Veterinary Research Institute, % 
Muktcswar-Kumaon, U. 1\, - 
7-6-1948. 

1 Hoare, C. A., Parasitology, 25, 359, 1933. 
a Triffitt, M. J., Observations on two now species of 
coccidia parasitic in snakes. Protozoology, No. 1, 19, 
1925. 


POLYESTERIFICATION OF HYDROXY ACIDS PART I: 

1 2 -HYDROXY STEARIC ACID 

The study of the polyesterification reaction has 
been mainly confined to the condensation of poly- 
hydric alcohols with polybasic acids 1 although it was 
recognised that the same condition is also present in 
the hydroxy acid molecules. In the present series pi 
investigations the author has carried out a systematic 
study of the self -esterification of hydroxy acids in 
which both the number and the position of hydroxyl 
group in the molecule were varied. The present part 
summarises the report of work on self-esterification 
of 12-hydroxy stearic acid. 

A known quantity of hydroxy acid was heated in 
a current of dry air at varying temperatures main- 
tained within 1°C. The samples were drawn at 
definite intervals, quickly chilled in a freezing mixture 
and the .acid and sap. values determined from which 
the extent of reaction could be calculated. It was 
noticed that with the reaction continuing under 
isothermal conditions, the -amount of free acidity 
decreased, percentage esterification increasing propor- 
tionately, while the saponification values practically 
remained constant. The data obtained at three 
different temperatures, namely, 200°, 220° and 240°C 
are given in Table I. 

TABLE I 


hrs ) 

200°C. 

220°C. 

240°C. 

A.V. 

E.V. 

% 

! 

A.V. 

E:V. 

% 

A.V. 

E.V. 

! % 

'A 

151-3 

; is 

136-1 

! 26 

111-1 

39 

K 

— 


121*9 

| 34 

92-4 

49 

l 

132-1 

i 28 

110-5 

1 40 

85*8 

53 

\% 

— 

; — . 

102*5 

j 44 

75-7 

59 

1A 

, 1201 

34 

— 


67-6 

63 

1# 

; — 

i — 

99-0 

46 

64-6 

65 

2 

110-2 

I 40 

91-9 

50 

591 

68 

2A 

101*3 

45 




i 

3 

96-4 

47 



; 


3A 

90*2 

I- 

’ 





The results clearly demonstrate that the reaction 
is continuous and does not occur stepwise as would 
have been the case if it yielded a dimer first, then a 
letramer and so on. 

Moreover, if the acid value- water evolved curves 
are compared with the theoretical curves drawn on 
the assumption of interesterification, it is found that 
the water evolved is slightly less than the theoretical 
values. If on the other hand, ether, lactone or an- 
hydride formation occurred simultaneously with esteri- 
fication, the observed values of water evolved would 
have been higher than the quantities calculated on 
the basis of esterification. 

Further light may be thrown on the nature of 
the reaction by applying Arrhenius 2 equation : 

loe, K./K.. 

For this, reaction at each temperature was carried 
out to the same stage, i.e., 50 pgr cent whence it 
follows that Kj «l/t A and K 2 a l/t 2 where t A and t 2 
are the periods of time in which the reaction reaches 
the 50 per cent stage at the respective temperature T x 
and T 2 . Substituting this value of t 2 /t 2 for K A /K 2 
in the equation the value of Q, the activation energy, 
conics out to be 24*71 K-cal. This compares fairly 
well with the activation energy for esterification*'*. 

A more detailed study of the reaction from the 
Kinetic standpoint led to results of additional interest. 
The overall reaction was found to be a third order one. 
Tills may be explained on the assumption that since 
all esterification reactions are catalysed by acids, in 
absence of such a catalyst one molecule of the car- 
boxylic acid itself functions as a catalyst, making the 
reaction velocity proportional to the cube of acid con- 
centration. 2 When the reaction was catalyse# by 
0*5 per cent /3-naphthol sulphonic acid, the reaction 
was found to be a bimolecular one with respect to 
carboxyl concentration. 

My thanks are due to Dr P. K. Bose, Director, 
Indian Lac Research Institute, Namkum, Ranchi, 
for his keen interest in the present work. t 

Sadhan Basu 

Indian Lac Research Institute, 

Namkum, Ranchi. 
t 17-6-1948. 

1 Collected papers of Carotliers : High Polymers, Vol. I, 

Mark and Whitby, Inter Science Publishers, 1 Ne, New 

York. 

a Glodschmidt, Z, physikal. chem., 60, 723, 1907. 
a Hinshelwood, J. Chem . Soc., 1593, 1939. 
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STUDIES ON THE CHEMOTHERAPY OF 

VIBRIO CHOLERAE 

Sulpha drugs arc being largely used in the 
treatment of various infections, but their chemo- 
therapy against Vibrio Cholerac has SO far not been 
extensively studied. Sadusk and Oswald 1 undertook 
to determine the effect of sulpha-thiazole, sulphadia- 
ziije, sulphaguanidine and sulphanilamide upon V. 
Cholerac in media free of inhibitors. Subsequently 
Sen and Basu 11 noticed a definite bacteriostatic action 
of sulphanilyl benzamide*. Recently Bhatnagar et aV 
has reported that a compound “6257” isolated by 
reacting sulphathiazole with formalin is effective in 

* human cholera infection. The nature of this sulpha- 
thiazole derivative ( cf . Basu*) suggests that for exert- 
ing proper chemotherapeutic activity against an in- 
fection the sulpha compound must be ingested in a 
way that it may be present at the site of the infection 
in its active anion form with free amino grouping 
for blocking the acid group of the enzyme protein 
(c/., K.lolz :> ; Davis and Wood 6 ). The observation of 
Both and Ross 7 on the activity of insoluble phthalyl 
sulphathiazole in bacillary dysentery infection also 
leads to the same conclusion. 

In view of these findings it was considered to be 
of interest to study the bacteriostatic as well as 
bactericidal activity of the compounds that might 
again be obtained by substituting the NMiydrogen 
atom of sulphanilyl benzaniide 8 against V. Cholerac. 
This sulpha compound readily reacts with formalin 
or hexamine in dilute alcoholic solution to afford 4- 
hydroxymcthylamino benzene sulphon benzamide (I) 
in crops of microscopic crystals m.p. 160°, soluble 
in dilute alkalies but insoluble in dilute acid. The 
anti-bacterial activity of this compound is being 
studied against I 7 . Cholerac in comparison with the 
sulphathiazole derivative *6257*, and similar com- 
pound (II) m.p. 222° derived from sulphacet amide. 
The corresponding derivatives from sulpliadiazine and 
sulphamerazine obtained by condensing with formal- 
dehyde are readily soluble in dilute acids. Details 
of the whole work would be published elsewhere. 
The— Table here shows the activity of compounds 
recorded in column (I) against smooth strains of V. 
Cholerac (Inaba and Ogawa) from a 18 hours young 
culture on alkaline agar. The inhibition of growth 
was noticed in one per cent peptone (Difco-Bacto) 
water at £H ca 8 with an inoculum of 1 millipn cells 
per 5 c.c. of the medium for a period of 24 hours at 
35-37°C. The minimal bactericidal concentration was 
ascertained by using 2 c.c. of each of the above 24 
hours incubated dilution as inoculum for 15 c.c. of 
alkaline agar at 45°C well mixed and poured into 
plates. These were subsequently incubated at 35-37°C 

* for a period of 98 hours. The figures in the Table 
indicate the concentrations that maintain the sterility 
of the # plates over that period. 


TABLE 

Invilro Activity against V. Cholerac 


Figures indicate mill 

ligrams of the Compound 

per i c. 

Compound 

Bactericidal 

Bacteriostatic 

(T) 

Inaba j Ogawa 

Inaba 

Ogawa 

“6257” 

50 : 50 

j 0*4 

! 0-9 

Sulphanilyl benzamide 



; 

derivative 

3-5 3-75 

0-7 

, 0*85 

id 

Sulpliacetannde deri- 1 i 

vaUve 

5-0 5*25 

0-8 

10 

(II) , ! 


From the Table it may be noticed that the com- 
pound (I) exerts an enhanced bactericidal activity. 
This characteristic along with its ready solubility in 
alkaline pH points to the necessity of a thorough 
study of its in vivo activity against V. Cholerac. 

N. K. S. Rao 
U. P. Basu 

Bengal Immunity Research Institute, 

Calcutta, 16-7-1948. 

' Sadnsk and Oswald, Amcr. J. Tiop. Med., 23, 275, 1943. 
'Sen and Basu, hid. Med. Gaz., HO. 194, 1945. 

'* Bhatnagar et al, Nature, 161, 395, 1918. 

* Basu, IJ. 1\, Science and Culture, 14, 36, 1948. 
b Klotz, J. M., Science, 98, 69, 1943. 

0 Davis and Wood, Vroc . Soc. Expt. Biol. Med., 51, 283, 1942. 
7 Poth and Ross, J. Lab. Clin. Med., 29, 785, 1944 

* Sikdar and Basu, J. hid. Chem. Soc., 22, 343, 1946. 


COCCIDEAN PESTS ON THE FRUIT TREES 
OF DARJEELING DISTRICT 

A survey of the incidence of insect pests in fruits 
in the Darjeeling District, carried out by the author in 
1946, reveals the frequent occurrence of a group of 
of pests of the Family Coccidae. These evade the 
notices of the grower, because of their minute and 
inconspicuous size and as in some cases they resemble 
in colour the puparium with the bark of the host 
plant. 

These insects suck up the juice of the food plant 
by their piercing and suctorial proboscis resulting in 
extreme cases in the ultimate death of twigs. The 
tiny young larvae soon after hatching move about 
very slowly for about 30 — 50 hrs. and then anchor 
themselves somewhere on the host plant, preferably 
the succulent portion. The males, if winged, emerge 
out with two wings ; these apparently appear lifeless 
and so are always overlooked as harmless dots. 
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Prof. Comstock said ‘there is no group of insect 
which is of greater interest to the horticulturists 
today than the Cocadae’. The presence of the notori- 
ous walv—Quadtaspidiolus perniciosus, Comst, in 
Bengal on Plum (Prunus communis, L.) and on Peach 
{ Prunus pvrsica, Benth et Hook.) fully justifies the 
above remark. Besides Q. perniciosus, Comst., there 
are other cocci dean pests causing menace to other 
fruit crops such as Orange (Citrus aurantium , L.), 
Apple (Pyius malus , L.), Guava (Psidium guayava , 
L.), Mulberry (Moms sp), etc. These are taking 
heavy toll of fruits every year. 


sus, Comst., prefers Plum (Prunus communis , U.) to 
Peach (P. persica , Benth et Hook.) and the former 
may be regarded as the primary food plant in Bengal. 
Similarly, Guava (Psidium sp.) may be regarded £s‘ 
the primary host for Hemibalesia rapax, Comst. 
Again, Citrus aurantium, L. (Washington naval) 
appear to be very susceptible to the attack of Lcpido- 
saphes glover it. Pack., Lccanium hemisphaericum, 
Targ., L. punctulijcrum, Gr., and Pseudococcus 
longispinus , Westwood, while the local varieties show 
definite resistance to these pests as evident from 120 
plants examined and found free from them. 


N.um* of tin* C'oecid 
pest 


(luadiasputiolu s 
pcrnii iusu* Comst. 

/ U'mibcrlcsia lapa.x , 
Comst. 

llemibcrlesia latauiac , 
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Leputosaphc * glovcrii , 
Packard. 


L e ca nium he i n is p ha c ri - 
cum, Targ. 

.Lee a liiu m p un ctu li j il- 

ium, Gr. 

Pseud o eocc u s long is p i- 
nus, Westwood. 

. loHidiclla am until, 
Mask ell. 

I .(’piuosapii i is beck ii , 
New. 

Pulviiuuia psidii. 

Mask. 

Psci i dan hn as pis pent a- 
gona, Targ. 


Locality 
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Region of 
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1 plants 
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Twigs & 
leaves 

; Mild- | 
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10 

3 
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Twig 

Mild 

4 

1 
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1 
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tt 

tt 
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80 

12 
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80 

S 
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ft 

ft 

tt 
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80 

, K’ 

i* o 

\ 

if 

tiu as aiuanLiolia, 
Swingle (Sweet Buie) 

Twigs & 
leaves 
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Pound on ; 

:i dying nee 


ft 

ft 

» 

PshLum guayava, L. 

tt 

Twig. 

tt 

Medium 

10 

> 

30 % 

ft 

Munis sp. 

Twig 

j Severe 

10 

4 

40 % 


Rahamau and Ansari 1 have reported Q . pernicio- 
sus, Comst. from Punjab, Kashmir Valley, United 
Provinces, N.W.F. Province and South Waziristau 
Agency. This species attacks a good number of 
deciduous fruit tree while Aonidiclla aurantii , Mask., 
from Punjab and N.W.F. Province causes harm to n 
number of plants but mainly of Citrus Family. 

Ayyar has reported from South India the Lepido* 
saphes glovcrii , Packard, on Guava 2 (Psidium sp.), 
L. beckii, New., on citrus fruits, Lccanium . hemi- 
sphaericum, Targ., on citrus plants, tea etc., and 
Pseudococcus longispinus, Targ., on cocoanut leaves. 

The present note deals with a list of Coceidean 
pests with the percentage of infestation on their host 
plant in Bengal, so as to find out the primary food 
plant as determined by these incidences and so that 
the relative preference to the host plant is shown by 
the pests. The result is given in the table above. 

It would appear from the table that Q. pernicio - 


Thanks arc* due to Dr V. P. Rao, Bangalore, foi 
kindly confirming the identity, of the pests. 

N. Dutt 

Entomological Laboratory, 

Agriculture Department, W. Bengal. 

Chinsura, 19-7-1948. 

1 Rahainan, Khan. A. and Ansari, A. R , Ind. lourn. Agric. 

Sc., 11, 816 - 830 , 1941 . 

3 Ayyar, T. V. R., Bull . Agtic. Res . hist , Push, 197, 1929 

IN SEARCH OF ANTIBIOTICS 

I 

Busk 1 has recently pleaded for a systematic in- 
vestigation on Indian fungi for the exploration of 
antibiotics. The development of such therapeutically 
useful substances as tyrotliricin and penicillin has led 
to the present concept of antibiotics which, of course, 
may now be defined as a chemical compound fierived 



September, 1948 


LETTERS TO THE EDITOR 


123 


from or- produced by living organisms and capable of 
inhibiting the life processes of micro-organisms in 
small concentration. 

In search for antibiotics surveys of enormous 
numbers of organisms, fungi, actinomycetes, bacteria, 
lichens and even higher plants, have been made. 
Bose 1 has himself mentioned that several hundreds 
of fungi have been tested in various countries to pro- 
duce antibacterial substances. But seldom they show 
any promise whatever of being of use in medicine. 
In the words of Florey 2 it may be said that the exami- 
nation of the fungi has so far been in general dis- 
appointing. This does not mean that Indian flora 
should not be explored, but a co-ordinated team 
work amongst mycologists, biochemists, chemists, 
bacteriologists and pharmacologists would be more 
necessary before any antibiotic can be made available 
for clinical trials. Without showing any inferiorit % 
complex we may direct our attention towards a study 
also on the* aerobic spore-forming organisms and op 
various lichens as much interest is now being dis- 
played in them as a possible source of antibiotic 
against acid-fast organisms. 

Marshak’s'’ 5 inteicsting investigations on the lichen 
RamaUna reticulata and studies on diploicin isolated 
from 1 lie lichen Buclla ccntcscnis by Barry' 1 point to x 
systematic investigation on lichen acids for possible 
isolation of an antibiotic against gram -negative* 
bacteria. This nun ultimately remove the scourges 
of typhoid, tuberculosis or even diphtheria. 

U. P. Bash 

Bengal Immunity Research Institute, 

Calcutta, 19-7-1948. 

' Bose, S. R., vScir-Ncr? and Culture, 14 , 38, 1948. 

* F’orey, II., ]. diner. Mai. Awe.. 135, 1047, 1047. 

* Marshak, A. ct at, Science, 106, 394, 1947. 

4 Barry, V. C, Nature, 158, 131, 863, 1946. 


II 

Regarding the remarks of Dr TL P. Basu in 
the above note that fungi show seldom any promise 
whatever of being of use in medicine and that 
examination of fungi, according to Florey, has so far 
in general been disappointing, I think the following 
remarks of W. J. Robbins H at, 1 who have worked 
on a number of higher fungi from antibiotic stand- 
point, may be quoted with appropriateness “It 
seems clear that many of the Basidiomycetcs produce 
substances which, at considerable dilution, inhibit the 
growth of some kinds of bacteria. We have no 
evictenc$ $0 far for the production of any substance 


as active as penicillin. On the other hand, we have 
investigated only about 300 of the 30,000 species in 
this group, and one of the 29,700 which remain (to 
be investigated), may produce a substance with the 
activity of penicillin.” 


S. R. Bosk 


Botanical Laboratory, 

R. O. Kar Medical College, 

Calcutta, 19-8-1948. 

4 Robbins, W. J., Kavanagh, K., and ITwvc> , A., Confer- 
ence* on Antibiotics, Part 1. MnrobioioQical Ann. New 
York Acad. Sc., 48, 72, 1946. 


SODA CELLULOSE FROM JUTE FIBRE 

Sirkar and Saha 1 first obseived that the struc- 
ture of the hydrated cellulose obtained from raw jute 
fibre is different from that of hydrated cellulose from 
ramie. This difference was attributed to the* pre- 
sence of higher percentage of lignin in jute fibre. 
These observations have been confirmed recently by 
Sen and Woods 2 , who have found that the spacings 
of tlic* (101) planes in hydrated cellulose from jute 
fibre containing different quantities of lignin vary 
from 7’4'A° to 8’3 A°. 

It was, however, not known whether the struc- 
ture of soda cellulose prepared from raw jute fibre 
is the same as that obtained from ramie. This ques- 
tion has therefore been investigated and the results 
obtained are given in table T. The soda cellulose 
from raw jute fibre was obtained by treating raw 
jute fibre with NaOIl solutions of concentration up 
to 45 per cent and Washing the product with absolute 
alcohol to make it free from adhering caustic soda. 


Equatorial 

reflections 


A l 

A a 

K 
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Spacings in A n | 

Spacings in 

tiki 


(Present j 
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author) i 
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1 

i 

8-2 i 

12-66 

101 


4-52 

4 6 

002 


4*15 
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It can be seen from tabic I that the spacings of 
(101) and (002) planes are nearly the same in two 
cases, but the spacings of (101) plane in case of soda 
cellulose from jute fibre is much less than that in 
soda cellulose from ramie. 


The spacings given in the last column of table I 
are those obtained bv calculating from the patterns 
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due to soda cellulose 1 reproduced by Hess and 
Trogus. 3 They furflier observed that when NaOH 
solutions of strength higher than 21 per cent are 
used in the treatment of ramie fibre, soda cellulose 
II, having a structure entirely different from that 
of soda cellulose I, is produced. In the case of raw 
jute fibre, however, it has been observed in the pre- 
sent investigation that solutions of NaOH of strength 
varying from 15 per cent up to 45 per cent reacting 
on raw jute fibre produce soda cellulose of the same 
structure and soda cellulose II is never produced 
in these reactions. The detailed results obtained in 
the present investigation will be published elsewhere 
very shortly. 

Thanks are due to Prof. M. N. Saha, and Prof. 
vS. C. Sirkar for encouragement and keen interest in 
the work. Thanks are also due to Indian Central 
Jute Committee for financial help. 

N. N. Saha. 

Palit Laboratory of Physics, 

University College of Science and Technology, 

92, Upper Circular Road, 

Calcutta, 5-8-1948. 

Sirkar and Saha, Nature, 157 , 839, 1946; Proc. Nat. hint. 

Sc . India , 13, I, 1947. 

* Sen and Woods, Nature, 161, 768, 1948. 

•Hess and Trogus, Z. Physik . Chem. (B), 11, 381, 1930. 


SOFT X-RAY K EMISSION AND ABSORPTION SPECTRA 
OF SODIUM-HALIDES AND THEIR ULTRA-VIOLET 
ABSORPTION BANDS 

K valence Hand emission spectra of Na in NaT\ 
NaCl, NaBr, Nal, corresponding to the transition of 
3 S,P electrons surrounding halogen ion, to the vacant 

Sort X-Ray K Emission and Absorption 


vSpecimen 

K-Valence Band Spectra of 
Na in NaX 

! 

Na K Absorp- 
tion Edge in 
NaX 




K 


E, in e.v. 

E 2 in e.v. 


NaE 

1062*9 

” 

1064-7 

1073-3 

NaCl 

1063-3 

1065-4 

1 1073-3 

NaBr 

1063*1 

1065-1 

1073-1 

Nal 

1062-5 

■ 

, 1064-8 

1073-1 


K level of the Na atom have been taken with a bent 
Gypsum crystal in a vacuum spectrograph. The band 
widths gradually increase from Fluoride to Iodide. 
The bands having three structures or more have been 
attributed to the structure of valence electrons asso- 
ciated with the halogen ion of the particular halide. 
The peak having the longest wavelength is attributed 
to the transition of 3s electrons surrounding the 
halogen ion of the particular halide into the vacant 


K level of the Na atom. The two peaks on the short 
wavelength side are due to 3p! and 3p 2 structures in 
3p band of the particular halide. The energy differ- 
ence between 3p, and 3p a structures of Cl spectra in 
NaCl agree well with the energy difference in the 
structure of Na spectra in NaCl 1 . 

K-absorption edges of Na in Na-halides have been 
taken by Kenneth C. Rule 2 of Upsala from which 
the K emission structures of the corresponding halides 
are subtracted, all expressed in electron volts. The 
difference is found to be in agreement with the values 
of the ultra-violet absorption edges of the correspond- 
ing halides taken by Hilsch and Pohl. 3 

In the case of NaCl, the same values of ultra- 
violet absorption edges have been obtained by sub- 
tracting K valence band structure of Cl in NaCl from 
the K absorption edge of the particular chloride, all 
in c.v. The 3S band of NaCl is reflected in the metal 
ion spectra, and is not to be found in the Cl spectra 
of NaCl, which in the latter case is forbidden by the 
selection principle. The agreement obtained in the 
case of NaCl by working in Na and in Cl region 
permit us to give a schematic representation of the 
valence electron energy diagram in NaCl. Such 
agreement has also been found in the case of KC1. 
Detail is soon going to be published in the Indian 
Journal of Physics'. 

Spmttka and ITrta-viou<;t Absorption Bands 
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Thanks are due to Prof. S. N. Bose for his kind 
interest ill the work and for the facilities given to 
me in his laboratory. 

K. Das Gupta 

Khaira Laboratory of Physics, ’’ , 

University College of Science and Technology, 
Calcutta, 24-7-1948. 

1 K. Das Gupta, lnd. lour . Phys., 21, 1947. 

3 Kenneth C. Rule, Phys. Rev., 166, 1944. 

8 Hilsch and Pohl, Zeits. /. Physik., 59* 813, 1930. 
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PROBLEM OF RADIO INDUSTRY IN INDIA 


^^/TTHIN the past few decades, radio has grown 
into a subject of tremendous national impor- 
tance due to its wide applications in such vital 
services as public entertainments, communication, 
propaganda and above all defence. In consequence 
the radio-electric industry now plays an important 
role in the economy of all the advanced countries 
of the world. The great potentialities of radio in 
defence services was recognised during the first 
World War and it is no wonder that after the war, 
England, the U.S.A. and other industrialised coun- 
tries endeavoured hard for the retention of technical 
supremacy in radio-electric industry. As a result, 
industrial concerns like the Marconi’s in England, 
the R.C.A. in the U.S.A. and, the Phillips’ in 
Holland grew up to gigantic dimensions from modest 
beginnings. Extensive and intensive programme of 
research on radio was also undertaken by the leading 


Universities of these countries and new results of 
fundamental and technological importance were 
obtained out of these efforts. The results were 
utilized during the second World War for the deve- 
lopment of Radar and other devices for defence. The 
story of the prominent role that the Radar played not 
only in the defence of England against the deter- 
mined German air attacks but also in carrying the 
aerial warfare within the heart of the German main- 
land with decisive consequence, is now well known 
(See Science and Culture,//, 343, 1946). It has 
been said that the invention of radar is as important 
m event in warfare as the invention of gun-powder 
and the internal combustion engine. 

, Supjdy of radio electrical goods manufactured 
^indigenously have therefore become essential for the 
existence of all the independent and modern nations 
of <fche World. It is needless to point out the grave 
'danger associated with the absolute dependence on 
foreign for such a vital instrument of peace 

and war*; yet, t&e unpleasant fact remains that India 


has so far no radio industry in the strictest sense of 
the term. There might be attempts on the part of 
a few firms to assemble imported components and 
to make radio sets of their own. There might even 
be cases of a few enterprising persons trying to manu- 
facture a few components here and there. But these 
cases can at best be called amateurish attempts m 
the sense that there has been no standardisation of 
these products and that their method of production 
is not quick and economic enough to withstand the 
onslaught of competition with finer foreign goods. 
Independent India can ill-afford to allow this deplor- 
able state of affairs to continue. The question of 
establishment of a well organised and full fledged 
radio-electric industry is now in the fore-front and 
we are glad to understand that plans are being 
matured in this direction by the Ministry of Indus- 
tries and Supply of the Government of India. We 
take the opportunity of discussing some aspects of 
radio industry and make a few suggestions regard- 
ing its establishment in India. 

Financial Position 

Interested quarters often contend that radio 
industry in India cannot be a financially sound pro- 
position at this stage. A survey of the present re- 
quirements of radio-electrical goods in this country, 
however, would easily convince one of the futility 
of such contention. The future industry will have 
to supply the requirements of both the State services 
and also of the public consumers. Under State 
services, are included the three arms of Defence, the 
All India Radio, Posts and Telegraphs, Meteorology, 
Railways, Government Overseas Communication 
Services and Provincial and Central Police. Unfor- 
tunately, we are not in possession of the exact figures 
of requirements of these various Departments. But 
in consideration of the fact that almost all of these 
departments will, sooner or later, be expanded on a 



126 


SCIENCE AND CULTURE 


scale commensurate with the new political status of 
the. country, we can safely assume that theiotal re- 
quirements for the State services will exceed several 
crores of rupees per annum. The extent of require- 
ments of public consumers can roughly be estimated 
from the fact that during the period from 1st of April 
1946 to 31st of January 1947 the total worth of radio 
electrical goods imported was more than 1'5 crores 
of rupees. There has been steep rise in the number 
of receiving sets purchased from abroad. During the 
last 10 years the number of licenses for receiving sets 
have increased by about 200 per cent and it is ex- 
pected that this trend towards increase will continue 
indefinitely as the economic level of the country goes 
up: The needs of the country are thus expected to 
be about 5 to 6 crores at the present moment, which 
will go up in geometric progression till it reaches the 
dimensions it has in the U. S. A. Unless we take 
steps to make radio goods in our own country we 
shall have to spend several crores of rupees per annum 
for purchasing foreign goods — undoubtedly a heavy 
toll on India's balance of trade and a great handicap 
to the growth and maintenance of some essential State 
services in cases of emergency. On the other hand, 
with the possibility of a sale of a few crores worth 
of goods every year a start can be given to a radio- 
electrical industry without any fear of decay, due to 
lack of market for its products. 

How to Start Factories 

There are, however, several difficulties in the 
way of establishing the radio-electric industry and 
the matter demands serious consideration and cautious 
handling. The chief among these is firstly the diffi- 
culty of obtaining some essential raw materials, for 
example, stalloy sheets for transformers and chokes, 
permanent magnets for loudspeakers and telephones, 
etc., kraft paper for condensers, pure aluminium foil 
for electrolytic condensers, not to speak of such 
common goods as copper and aluminium wires of all 
grades. Any plan for a future radio industry in this 
ebuntry will have to take into account this important 
factor and plans should also be afoot simultaneously 
for starting the production of these raw materials. 
For some of these materials, facilities for manufacture 
already exist in some allied factories of the country. 
But for those materials for which there does not exist 
any facility, we would suggest that the Government 
of India should take steps to establish factories of 
their own as a part of the bigger project of radio- 
electric industry. 

The second great difficulty confronting the pro- 
posed industry is the lack of technical personnel. 
There may be isolated cases of a few Indians who 
have Specialised in some selected techniques of manu- 
facture of radio electrical goods ; but it will be im- 
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possible to find a team of Indian technicians capable 
of setting up and running a manufacturing establish- 
ment. It is no use dreaming that we can get our men 
trained from abroad. We cannot expect that a 
foreign firm will undertake to train Indians with the 
prospect of liquidation of their own markej: m India. 
The alternative of appointing foreign experts with 
fat salaries also offers, in this case as in others, no 
practical solution, because, as experience has shown, 
such foreign experts for reason of continuance 
of their own services, and for safeguarding the in- 
terests of their own countries, do not prove very 
helpful in training Indian technicians. The only 
practical solution of this baffling problem is for the 
Government of India to seek help of foreign firms 
of established reputation on the basis of certain 
specific business terms, which we do not want to 
suggest at this stage specifically, Wc wish to invite 
the attention of the Government of India to the 
parallel case of Soviet Russia. In the post-revolution 
days, Russia was in the same position as we are today 
in regard to radio-electric industry. She had no 
radio-electric industry worth the name, but had 
urgent need for the same for security of her new- 
born State. Under these circumstances, the Govern- 
ment of U.S.S.R. approached the R.C.A. for co- 
operation in starting a full-fledged radio factory in 
their country. An agreement was reached under 
which the R.C.A. had to .supply the machineries, 
train Russian technicians and supply design and 
technical data for the manufacturing processes, in re- 
turn of a suitable royalty. The factory was not to 
be just an assembly plant but was to include manu- 
facturing plants for all the essential components in- 
cluding the* valves. It is interesting to note that the 
R.C.A. do not manufacture components like the 
variable condensers and the resistors. But for im- 
plementing their contract with the U.S.S.R. they 
made arrangements with other firms to supply the 
necessary machinery and to train Russian technicians 
in the manufacture of these components. The pro- 
cedure enabled Russia to develop her radio industry 
smoothly and quickly so that they proved quite a 
match for their German adversaries in this matter 
when World W2ir II came. Of other countries, we 
understand that Argentina also adopted a policy 
similar to that of Russia to start her own radio in- 
dustry. The Government of India would be well 
advised to adopt a similar line of action in this matter. 

The aim of this contract will naturally be to make 
India self-sufficient in respect of radio-electric goods 
of all descriptions. In realising this aim it may be 
necessary to establish more than one factory each 
devoted to the manufacture of a particular set of 
equipment and components ; for instance, there may 
be a factory for the manufacture of valves, another 
for the manufacture of resistors and condensers, $till 
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another for the manufacture of transmitters, and so 
on. It may also be found necessary to permit pri- 
vately owned factories for the manufacture of some 
of the less important items. While this question and 
the details of the organisational structure will have 
to be worked out in the light of the practical con- 
veniences and the advice tendered by the foreign 
firms, with whom the Government associates certain 
broad principles, on which the plan should be based 
can be suggested at this place. 

A Brain Ckntre for FactoriEvS 

A little study of the history of development of 
radio-electric industry would show that throughout 
its years of infancy and adolescence the industry has 
been continually and profoundly influenced by the 
results of research. To realise this one has only to 
remember that almost every significant development 
in radio like the thermionic valve, radar and miero- 
wave generator, have sprung from the results of 
fundamental investigations carried out in University 
laboratories. Speedy utilisation of the facts emerg- 
ing out of fundamental investigations had been effect- 
ed by well-organised Design and Development re- 
search carried out in industrial firms. It may also 
be noted that in spite of its rapid growth during 
the past 50 years, radio is, even now, a growing sub- 
ject and new facts and techniques are being con- 
stantly evolved making the older methods partly or 
wholly obsolete. In view of these facts every big 
radio industrial organisation of the world includes, 
apart from the usual production factory, fully 
equipped laboratories for design and developmental 


research. The truth of this assertion can be under- 
stood from the fact that research laboratories of the 
Bell Telephones (U.S.A.) alone employs as many as 
99 chemists, 147 physicists, 22 metallurgists, 2137 
engineers, 525 technical assistants, 620 draftsmen, 
949 laboratory and developmental mechanics and 
A 30 1 additional personnel. Yet, these lobaratories 
are regarded secondary in importance to the Univer- 
sity Laboratories of the country as source of funda- 
mental discoveries. The soil which does not provide 
a continuous supply of such discoveries and the means 
of quick harnessing of the same should be regarded 
as barren so far as radio-electric industry is con- 
cerned and no amount of artificial means can pro- 
tect the industry from the inevitable decay. In 
planning the industry, therefore, steps should be 
taken to provide means for the subsistence, growth 
and constant revitalization of the industry by results 
of fundamental research. 

Let us see how this can be effectively done and 
start with fundamental research. For encouragement 
of fundamental research it is suggested that the 
Government should take steps to sponsor extensive 
programmes of research in the Universities and other 
National Laboratories. We propose to discuss this 
important question in detail in some future issue. 

Design and Developmental researches : for this, 
it is suggested that the Government should as an 
essential part of its scheme for radio-industry esta- 
blish a Central Design and Development Organisation 
which would servers the brain centre and parent body 
0 ) all production factories. This organisation will be a 
sort of connecting link between the different pro- 


Resear eli 

Centre National dTCtude des Tele- 
communication (National Centre 
of Telecommunication Education) 
24 Rue Bertrand, Paris. 

Laboratoire de Radioelectricite 
(Radioeleetricit v Laboratory) . 

Bureau National d ’Etude de Recher- 
che Aeronautique (Radio Division) 
(National Bureau of Aeronautical 
Research Radio Division). 

Under C.S.F. 

In the Universities. 


RADIO IN PRANCE 

I 


' I 

Development 

Conipagnie Franca ise de 
Telegraphic sans 111 
(French Wireless Tele- 
graphy Company) (C. S. 
F.) 79, Boulevard Haus- 
mann, Pa^is. 

1200 workers. 

Capital — 10* francs 


Production 

(1) La vSocietc Francaise Radio-Electrique— S. F. R. 
(French Radio Electric Society). 

(2) La Societe Independante de T. S. F. — S. I. F. 
(Independent Society of Wireless). 

(3) La Steatite Industrielle — S. I. (The Industrial 
Steatite Co.) 

(4) La Societe des Traitements Electrolytiques and 
Electrothermiques et le Revetment Electro- 
technique— S. T. E. I. (Society ior electrolytic 
and electrothermic treatments and electrotechni- 
cal reconditioning) . 

(5) La Conipagnie Radio Cinema — C. R. C. (Radio 
Cinema Company). 

(6) La Conipagnie Industrielle des Metaux Electro- 
nique (Industrial Company of Electronic metals).. 
La Society des Alliages Bures— S. A. O. (Society 
of Hard Alloys). 

(7) La Societe Auxiliere pour la fabrication des 
produits electroniques — S. A. F. P. K. (Auxiliary 
Society for manufacture of electronic products). 

(8) La Compagnie Radio France— R. F. (The Radio 
France Company) . 

(9) La Compagnie Radio Maritime— C. R. M. (Marine 
Radio Co.). 

(10) La Conipagnie Radio Orient— R. O (Oriental 
Radio Co.g 
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duction factories, whether State-owned or State- 
sponsored, and will rcptcsent the Government at the 
Directorate of all these factories. Such an organisa- 
tion not only ensures co-ordination of work but also 
a substantial saving in financial and technical enter- 
prise. The central organisation itself should be 
managed by a Board consisting of representatives of 
the various State-services like the Defence, All India 
Radio, Civil Aviation, etc. and a fair proportion of 
University men who have made substantial contribu- 
tions to the science of radio, and of industries which 
have direct bearing on radio. Such model has been 
in operation in France and has been found to work 
well. In France, Compagnie Francaise de Tele- 
pliie Sans Fil (C.S.F.) controls almost the entire 
radio industry of the country. The C.S.F. by itself 
is a central design and development establishment 
which carries out work up to the manufacture of 
prototypes. The production business is carried out 
by a chain of its subsidiary factories which number 


about 10. The C.S.F". financially participates in the 
activities of these factories. The chart in the pre- 
vious page shows the organisation of the radio- 
electric industry in France. 

The closest possible co-operation should be 
maintained between the University laboratories and the 
radio industry. To this end the Central Radio 
Establishment might include a Liaison Branch, whose 
duty will be to maintain collaboration with the Uni- 
versities, the Department of Scientific Research and 
the Ministry of Education. Unless industry goes 
hand in hand with science like this, cross fertilising 
each other in turns, it is bound to collapse under 
advancing tide of new developments from other 
countries. 

It is hoped that attention of the Government 
authorities would be drawn to these suggestions 
while formulating the detailed plan for radio indus- 
try in India. 


ELECTRONICS IN INDUSTRY 
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/~\F the various contributions of fliysics to modern 
^ industry those pertaining to Electronics rank 
amongst the highests. Broadly speaking, electronics 
is the science of the control of the emission of 
electrons and of electronic currents. Electric power 
devices are not generally included within the domain 
of Electronic^ though they may carry or control 
electric currents. Such devices are concerned with 
immensely large numbers of electrons moving at very 
low velocities, not exceeding a few centimetres per 
second. Electronic devices on the other hand deal 
with smaller numbers of electrons moving at very 
high speeds, thousands of kilometres per second, 
giving currents of the same order. Electronics may 
therefore be regarded as that branch of physics which 
deals with the emission and the control of high speed 
electrons passing through vacuum or gas. 

Electronics was for a long time confined in the 
field of communication and entertainment. During 
recent years, however, its use has extended far beyond 
these Emits. One of the reasons why the applica- 
tion of electronic devices in Industry has been com- 
paratively slow is that the mechanical engineer has 
not been aware of the available and potential electronic 
devices which could solve many of his problems. 
Further, electron tubes of the required types were not 


properly developed, nor were available in quantity. 
It is the impact of war that has been responsible for 
the rapid development and perfection of many non- 
radio electronic devices. The result has been so en- 
couraging as to usher in the age of industrial elec- 
tronics. In spite of its extensive applications to 
industrial problems the word Electronics is quite 
often misunderstood by the average engineer to whom 
electronics signifies the radio and allied fields alone. 
The object of the present article is to give the reader 
an idea of the growing applications of electronic 
devices to industry. 

Applications to Industry — Classified 

The industrial applications that have so far been 
successful may be broadly classified under eight 
heads : Regulation, Control, Heating, Power Con- 
version, Safety devices, Production testing uses, 
Molecular vibration uses and Measurements and 
Analyses. The classification is by no means rigid but 
it fairly well represents the variety of present appli- 
cations. Brief accounts of some of the typical appli- 
cations under each head are given below : 

Control and Regulation 

The Control and Regulation equipments consist 
of three essential stages : (i) ? detecting device that 
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converts the change in the physical quantity to be 
controlled into an electrical impulse, (ii) a suitable 
vacuum tube amplifier to increase the strength of this 
impulse and (Hi) the device which actually performs 
the controlling or regulating operation in the desired 
manner under the influence of these amplified pulses. 
The change in the physical quantity may be one of 
electric voltage, current or resistance, change in 
temperature, pressure, colour, change in speed, 
humidity, turbidity, rate of flow, thickness of coat- 
ing and a large variety of such other effects. The 
detecting device depends upon the nature of the 
physical change to be controlled. The actuating 
device may conveniently be either an electrical or 
electro-mechanical system which operates either 
purely electrically or by means of an electromagnet 
or electric motor. Automatic door-openers, burglar 
alarms, etc., are* some of the simplest well known 
applications. A few other illustrations may be of 
interest. 

Electronic devices are now used to regulate the 
output voltage of dynamos which are subjected to 
wide speed variations. A typical arrangement, shown 
in Fig. 1, is to supply the field current of the dynamo 



Fig. 1. Voltage control for dynamo. With 
increase of dynamo voltage, grid of control 
tube becomes more negative ; this reduces 
the field current and hence tends to stabilise 
the dynamo voltage. 

through a vacuum tube in such a way that when 
the speed of the dynamo increases, the negative bias 
on the grid of the tube increases. This reduces the 
field current and tends to maintain the output voltage 
constant. 

Control of motor speed under varying load is 
an urgent necessity in many industries. Accurate 
turning of metal parts on the lathe where the depth 
of cut and hence the load on motor varies demands 
constancy of the speed of turning. In the textile in- 
dustry, variations of loom driving speed results in 
bad Quality of cloth. In paper industry again, 
accurate control of machine speed is essential for 
uniformity of the finished product. Even a small 
variation in speed due to fluctuation in load or supply 
voltag# may seriously affect the quality of the paper. 


For large installations D.C* motors are generally used 
in such cases because they are easier to control. 
Electronic motor speed control equipments have now 
been developed which can maintain the speed of even 
the largest motors at any specified value. The 
Westing house Mot-O-trol and the General Electric 
Thymotrol are typical of such devices. The Mot-O- 
trol is designed to operate on the field of an exciter 
which in turn supplies the control field of a generator 
in a generator-motor combination. Fig. 2 shows a 



Fig. 2. Speed control for D.C. motor. Increase in 
motor speed develops higher voltage in tachometer. 
This reduces exciter field and generator voltage and 
lienee motor field, thus tending to maintain constant 
speed. 

schematic arrangement of the complete system. 
Ad.c. tachometer, driven by the main motor develops 
a voltage depending on the speed. This is utilized 
to control the grid of valve supplying the exciter 
field. In actual practice phase-shifting devices are 
incorporated to prevent hunting of the motor. Further 
tlie exciter field is actually energized by a three- 
phase half-wave rectifier utilizing three thyratrons 
whose grids are controlled by the tachometer voltage. 
The General Electric Thymotrol has also been 
developed for the same purpose and is a more flexible 
and elaborate equipment. 

Temperature regulation is important in many in- 
dustrial operations. In resistance heater type fur- 
naces rough control can of course be obtained by non- 
electric devices such as bi-metallic strips but very 
close regulation within a few thousandths of a degree 
is attainable only by electronic devices. The detect- 
ing device is usually a resistance thermometer used 
as one arm of an A.C. bridge which is balanced at 
the specified operating temperature. In case of tem- 
perature shift the bridge is out of balance and the 
unbalance voltage, after suitable amplification, is 
applied to grids of thyratrons. The plate current of 
the thyratrons is utilized to saturate the core of a 
saturable reactor through which the A.C. heating 
current of the furnace flows. Very close regulation 
is easily obtained in this way. 

In addition to current strength the timing or 
duration of flow is also easily controlled by electronic 
means. In resistance-welding metals like aluminium 
and magnesium which have a sharp fusion point, in- 
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accuracy of timing of welding may melt either too 
much or too little of the metal resulting in bad 
quality. Electronic equipments with synchronous 
ignition timing system have been developed to facili- 
tate such work. For fabricating assemblies made of 
aluminium electronic devices are now used which pass 
accurately controlled welding current many times a 
second. When the assembly is moved past the 
welder, the result is equivalent to “sewing”. Control 
of time interval is a very important feature in many 
industrial processes and for short intervals electronic 
devices are ideal. Electronic equipments involving 
time-dealy circuits have also been developed to con- 
trol processes where a number of operations are to be 
carried out in a desired sequence. A novel method 
of electronic control has been used in an American 
hydro-electric substation. In an electric power 
generating station where the demand varies through- 
out the day it is certainly desirable to generate the 
power in accordance with the demand. A graph has 
been drawn to represent the variation of average 
demand throughout the twentyfour horns . A photo- 
cell follows this preset graph and controls machinery 
which releases the requisite amount of water power 
for generating the desired electricity. 

It is well known that the moisture content in the 
warp determines the strength and quality of the 
threads and hence the quality of textile fabrics. 
Moisture content depends upon such factors as air 
temperature and humidity of operation room, speed 
of the warps over the drying cylinders, etc. Each of 
these factors can of course be controlled individually 
by n on-electronic means but since they are inter- 
dependent their co-ordination is essential, though 
very difficult. Recently electronic controls have been 
developed with good results. * 

Various other electronic equipments have been 
devised for control and regulation work. These have 
the general advantage of speed and sensitivity of 
operation. Further electronic devices are most con- 
venient for remote control. These function without 
moving parts and friction and wear being thus elimi- 
nated, they operate unattended and have longer life. 

Heating 

One of the most important applications of elec- 
tronics in industry is for generating high frequency 
poweT for heating. The importance of electronic 
heating will be realised from the fact that today elec- 
tronic power used for heating is many times that 
used for broadcasting and communication. The 
demand of electronic generators has been so great 
that commercial equipments of a large variety of 
sizes from a few kilowatts to 250 kilowatts are now- 
adays available. There are two distinct methods of 


high frequency heating —Induction and Dielectric 
heating. 

Induction heating is suitable for metallic and 
conducting materials. A wide range of frequencies is 
used depending upon the material to be heated and 
also upon the nature of the job. For deep heat 
penetration, resulting in melting, frequencies between 
1 and 10 kc/s are generally used ; these frequencies 
are often generated by rotary generators. For surface 
heating of metals, case hardening and similar work, 
frequencies between 100 and 500 kc/s are useful, 
whereas for surface heating of metal strips, wires, 
etc., higher frequencies up to one or more megacycles 
per second are used. Induction heating was success- 
fully applied to the tin-plating industry during the 
War when the supply of tin became meagre. With 
ordinary plating if the tin coating be made very thin, 
the deposit is uneven and results in high porosity of 
the coated surface. The latest technique is to pass 
the electroplated sheet, as shown in Fig. 3, through 


TOP ROLL 



Fig. 3. Finishing tin-plated sheets by H.F. 
heating. The electroplated sheet is made 
to pass through a coil carrying h.f. current. 

The coating thereby melts and is uniformly 
spread over the surface. 

a coil of rectangular form wound as close to the sheet 
as possible. In a typical installation 30 inch sheets 
have thus been finished at the rate of 1200 feet per 
minute, the frequency used being 200 kc/s. 

Dielectric heating suitable for non-metals is used 
for drying wood, yarns, ropes, foods and many other 
substances. Plastics and rubber are cured, plastics 
preheated for moulding and wood and plastics 
bonded together by this method. Electronic preheat- 
ing saves time in all the three steps of the moulding 
cycle — press closing, curing and removing the final 
products. Rejects are also greatly reduced. In a 
typical test for thick moulds the curing time was only 
5 minutes with electronic preheating whereas wit)i the 
old moulding method it required more than twx> hours 
of curing. This is because electronic preheating 
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keeps the moulding material at a uniformly high 
temperature when moulding begins and hence only 
a short time is needed for the mould heat to produce 
an excellent cure. Plywood manufacturers have 
normally to keep the boards under pressure for days 
till the glue is dried up. Dielectric heating, as 
depicted in Fig. 4, has now reduced the time to 
minutes. 


EAATHtO p/t£SS PLATES 



PlG. 4. High-frequency heating in plywood 
manufacture. The glue is dried up in a lew 
minutes. 


arc type. It was due to the development of such 
rectifiers that the U.S.A. could produce the alumi- 
nium needed for the manufacture of huge quantities 
of aeroplanes during the War. The ignitron is also 
largely used as shown in Fig. 5, for controlling the 



Fig. 5. Ignitron welding control. The two ignitron 
tubes are connected back-to-back and are triggered 
off by thvratrons associated with each. 


Dielectric heating is also wklely used for steri- 
lisation, cooking of food, agricultural products, 
tobacco, etc., and for pasteurising milk. Many 
pharmaceutical products like penicillin and anti- 
toxins lose their desirable properties if the material is 
in liquid solution for a long time. These solutions, 
arc, however, generally susceptible to heat and arc 
therefore dried under high vacuum by sublimation. 
Much quicker drying has recently been effected by 
dielectric heating even under moderate vacuum. 

Dielectric heating has also proved advantageous 
in the glass industry. Its special advantage is that 
the entire volume of the substance is uniformly 
heated. Surface boiling is therefore avoided and 
hence loss of volatile constituents. Since these factors 
limit the heating speed and the size and thickness of 
the parts to be heated, the advantage of electronic 
heating is obvious. Moreover the heating time can 
be accurately controlled and the application of heat 
localised. Thus electronic heating reduces processing 
time and the maintenance costs and also requires less 
floor space. The frequency used for glass generally 
lies between 20 and 30 Mc/s. 

Power Conversion 

Conversion of A.C. power into D.C. has been 
greatly facilitated by electronic devices. The igni- 
tron rectifier is a very efficient device and can deliver 
power continuously though unattended, because it 
has no major moving parts. These are now exten- 
sively used in modern aluminium and magnesium 
production plants. The special advantage of the 
ignitron over the ordinary mercury arc rectifier is 
that the arc in the ignitron is started electrically. It 
is therefore not . necessary to maintain the vapour 
within tl*e tube continuously ionised as in the mercury 


flow of the powerful currents, sometimes about 10,000 
or even a few 100,000 amperes, used in resistance 
welding. Noisy mechanical contactors or switches 
which were previously used for this purpose, are not 
only bulky but have short life. The ignitron has 
solved all these difficulties. 

A special application of electronics in the Elec- 
tric Power industry is in D.C. transmission. This 
consists in transforming the generated A.C. to trans- 
mission voltage, rectification to high voltage D.C., 
inversion from D.C. to A.C. at the receiving end and 
finally transformation back to low voltage A.C. for 
consumers. One of the main advantages claimed for 
D.C. transmission is that the line insulators having 
to withstand the crest voltage in A.C., the same line 
can transmit at least 40% more power at D.C. The 
system of course requires more equipment and is 
therefore economical for long distance transmission 
of large power. It has been estimated that this 
method is suitable for distances greater than 300 miles 
and power greater than 300,000 kw. 

Safety Devices 

Electronic safety devices are available for pro- 
tection of goods, property and life, for giving warning 
of improper operation of equipments and many other 
purposes. Burglar and fire alarms, are the simplest 
examples. In a punch press or other hazardous 
machines, if the operator presses a lever before taking 
out his hand from under the punch, his hand will 
perhaps be smashed instantly. Photoelcctronic 
devices have been developed which keep the machines 
locked till the hand is removed. In modern gas-fired 
industrial ovens an electronic safety device, consist- 
ing of a thermocouple, influenced by the pilot flame 
alone, shuts off the fuel supply and gives an alarm 
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signal when the pilot light fails due to failure of 
power, fuel or air supply. Similarly safety devices 
are available to give warning of incomplete combus- 
tion in a Diesel engine, the indicator being the 
exhaust smoke density. 

In many industrial plants the pollution of air with 
dust and metal particles is a serious menace to the 
workers* health and to the machinery involved. 
Mechanical filters are only partially effective. The 
latest electronic device, called the precipitron, is 
capable of removing 90% of these particles. The 
polluted air is first passed through an ionising space 
consisting of fine tungsten wires placed between 
parallel tubes. A rectifier giving about 13 k.v. D.C. 
is connected between the tubes and the ionising wires, 
the latter being positive. The dust particles passing 
through the ioniser become positively charged and 
then pass through a precipitator consisting of a row 
of metal plates charged alternately positive and 
negative to about 6 k.v. supplied by another recti- 
fier. The charged particles are then deposited on the 
negative plates. Electronic air cleaning is now being 
used for blood plasma evaporators, for removing toxic 
welding fumes from industrial locations and clearing 
dangerous oil mists from rooms where high speed 
machine tools are operated. The use of precipitron 
during the war greatly reduced such machine troubles 
and also enabled recovery of much oil. 

Minute traces of mercury vapour in the atmos- 
phere of metal mining, smelting and some chemical 
plants are a serious menace to the health of workers. 
Accurate electronic equipments have lately been deve- 
loped to detect and instantly signal the presence of 
such poisonous gases. Air is drawn through a cham- 
ber containing a photocell and an ultraviolet lamp. 
The presence of mercury vapour scatters the light 
falling on the photocell and thereby decreases its 
current which is indicated by a bridge type detector. 

Production Test Uses 

Electronics has provided various devices to the 
industries for production testing such as counting, 
sorting, weighing, etc. A simple counting device 
incorporates a photocell operating a thyratron. A 
relay in the plate circuit of the thyratron, in turn, 
operates a mechanical counter. Electronic counters 
are being increasingly used for counting packages 
of cereal, pieces of metal, cars entering or leaving a 
garage, and so on. 

The colour consciousness of the photocell has 
been utilised to perform various acts of sorting and 
grading and maintaining uniformity of finished pro- 
ducts. In roasting coffee beans, for example, a beam 
of light falls on the beans through a window in the 
roaster and the reflected light is compared with that 


from a standard sample by means of photo cells. This 
method is also used in manufacturing inks, dyes, 
syrups, etc. 

In cement industry again, the raw materials are 
burnt in large rotary kilns. The kiln drive is to-day 
automatically controlled by a photoelectric device 
and temperature maintained at the desired preset 
value. This has resulted in a better and more 
uniform cement at a lower cost. 

In canning industry the detection of pin holes in 
metal sheets is an essential job. The common 
practice had been visual inspection of any light pene- 
trating through the sheets while passing on the con- 
veyor, a strong source of light being kept under the 
sheets. The process was tedious and, for accurate 
check, the speed of the conveyor could not be made 
greater that 50 ft. per minute. Electronic pin hole 
detectors utilising phototubes have increased the 
speed to as high as 1000 ft. per minute. 

Electronic devices are also available for detecting 
cracks in metal wire, tubing and bars at mass pro- 
duction speed. A block diagram of a typical arrange- 
ment is shown in Fig. 6. The material is passed 



Fig. 6. Block diagram of electronic crack 
detector. A crack changes the beat fre- 
quency produced by the mixer and there- 
by causes a large variation in rectified 
voltage. This operates the indicator. 

through the field of inductance of one of a pair of 
oscillators in the tester and a beat frequency is pro- 
duced. The beat frequency voltage is rectified to 
operate a meter, a neon flasher and a relay. A crack 
changes the beat frequency causing a large variation 
of rectified voltage. This causes the meter to flick, 
the neon to flash and the relay to close. The relay 
operates a small compressed air paint sprayer which 
automatically identifies the faulty material. 

Various inspection works in the metal industry 
are now being done with X-rays. These provide very 
effective tools for non-destructive testing of such 
defects as blow holes, inclusion bubbles, cracks, 
shrinkages, etc. The pre-war industrial X-ray equip- 
ments were bulky and less powerful. The War saw 
the development of compact and more powerful 
equipments with which steel plates as thick as 8 
incites can be inspected in about 15 minutes. Such 
work could be done by pre-war low voltage equip- 
ments in not less than 60 hours. Thickness of white 
hot steel sheets coming from a rolling mill afe a speed 
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of 1500 ft. per min. can now be accurately measured 
by X-rays. X-ray machines now inspect and auto- 
matically sort out hand grenade fuses at the rate of 
4000 per hour. If a fuse has insufficient powder a 
visible and/or audible sound is given and a blot of 
red paint sprayed on the defective fuse for subse- 
quent identification. Formerly, shells were ins- 
pected by making destructive tests on samples taken 
from a lot. If a major defect were found in one, the 
whole lot used to be rejected. High voltage X-ray 
equipment can now quickly examine each individual 
shell and the test being non-destructive, this saves 
much ordnance. 

Lower power X-ray equipment (68 kv, 4 
Milliamps) is also used for fluoroscopic detection of 
defects and presence of foreign matter like nails, etc. 
in automobile tyres. X-ray fluoroscopy is also used 
for examining packaged food products. 

Molecular Vibration Uses 

Supersound, generated by electronic apparatus 
and capable of inducing molecular vibration, has also 
found many industrial applications. This is used, 
like X-rays, for many non-destructive tests. In the 
rubber industry supersonic waves are widely used for 
testing finished tyres, specially for air bubbles. 
Germs and bacteria are killed and milk pasteurised 
in a few seconds by supersonic waves. When such 
waves are passed through milk the bacteria are killed 
in a much smaller time than that in heat pasteurisa- 
tion. The milk is also thereby homogenised due to 
breaking up of fat or cream globules into minute 
suspended particles. When air is subjected to 
supersonic waves the solid particles of smoke and 
dust tend to coagulate and drop. Fog in air ports 
and such other vital places may be cleared in future 
by coagulation of vapour particles in this way. These 
waves are also used to break up red blood corpuscles 
and release their hemoglobins. They also release the 
enzymes from bacteria. Formerly, the bacteria had 
to be killed for this purpose but now they arc vigor- 
ously shaken by supersounds and the enzymes are 
thereby freed* 

Although supersounds kill some bacteria they 
have .some stimulating effect on others. Certain 
bacteria responsible for aging of wine are so stimu- 
lated by supersound that this gives an easy means of 
aging wine. 

Measurements and Analyses 

In regard to measurements and analyses in 
various industries it may be said in general that 
whenever small quantities are to be measured or 
* detected electronic devices are the quickest and the 
best. The electron tube, because of its amplifying 


property and negligible inertia of the moving ele- 
ment, offers immense advantages for various measure- 
ments. If the quantity to be measured is electrical 
in nature and specially if it is small in magnitude 
the electron tube will provide one of the most power- 
ful tools. Many devices are available for converting 
the variation of a non-electrical quantity into its 
electrical counterpart and when this is done the 
electron tube will readily measure it. In many indus- 
trial operations, measurement of strain is very 
important. The resistance and inductance type 
strain gauges, acting in conjunction with sensitive 
electronic devices, have been found to be very useful 
for such work. Strain gauges are used for studying 
strains on boiler plates, aircraft structures, bridge 
piers, walls, dam structures, etc. In rolling mills' 
strain gauges arc so arranged as to give an alarm 
signal when the machine is overloaded. 

Like strain, displacement, pressure and vibration 
in industrial problems are readily measured by 
electronic means, the quantity to be measured being 
first converted into its electrical equivalent by a 
suitable device. Thermoelectric and photoelectric 
devices are widely used for measuring and recording 
temperatures. 

Thickness of industrial coatings like paints, of 
paper, cloth, plastic sheets, etc., is readily measured 
and controlled by electronic means. This is easily 
done by making the measurable quantity change the 
capacity of a condenser system with which it is 
linked. 

Viscosity in many industrial processes is now 
measured accurately by electronic means. The falling 
ball method has been successfully applied to dark 
liquids by electronic methods. In processes where 
viscosity changes continuously with operating con- 
ditions, a dynamic viscometer has been developed in 
which the amplitude of vibration of a body under 
constant driving force is measured. 

The pH meter is now a well known measuring 
equipment used in many industrial problems for deter- 
mining the degree of acidity or alkalinity The pH 
meter has also been utilised for humidity determina- 
tion, titration work, etc. 

The cathode ray oscillograph has become one of 
the most versatile measuring instruments to-day. 
The use of electron microscope for studying the sur- 
face structures of metals and insulators, as also of 
microbes and bacilli also deserves mention in this 
connection. 

From this brief survey of the applications of 
Electronics in Industry it will be amply evident that 
Electronics has definitely speeded up production, im- 
proved the quality of the products and has made 
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industry more efficient. Electron tubes are now cap- 
able of performing almost all the functions of the 
five senses and there is perhaps no industry which 
cannot profitably employ electronic devices. There 
are many industries in which jobs which have so far 
been made by non-electronic means are now being 
done in a much better and quicker way by means of 
electronic devices. 

It must however be admitted that for various 
reasons the Indian Industry to-day is not in a position 


to fully utilise the advantages offered by 'such devices. 
But since we are on the threshold of large scale 
industrial development it is necessary that our indus- 
trialists should be aware of these advantages. 
Techniques of many industrial processes have been 
revolutionised by the development of electronic 
equipments in recent times. Without utilising these 
devices our industries will never be able to keep the 
rate and standard of production equal to those of the 
Western countries. 


THE INDIAN CEMENT INDUSTRY 

MAHBSH CHAND, 

ECONOMICS DEPARTMENT, AU.AHABAD UNIVERSITY 


^JEMENT was unknown about century and a 
quarter years back. Before the advent of 
cement other ingredients were used instead, and the 
ancient buildings and monuments stand testimony 
to the strength of those ingredients. But cement 
(meaning concrete) holds the field today. Whether 
roads or bridges, houses or household goods, go- 
downs, or granaries, concrete is used for all construc- 
tion purposes. Cement has thus an important posi- 
tion in the building materials required for the re- 
construction and industrial development of India. 


History 

The Indian Cement Industry is hardly fifty years 
old. It was first manufactured in Madras in 1904, 
and 'three cement factories existed in 1913. During 
the Great War (1914-18) their production increased 
from a thousand tons to 84 thousand tons. The 
imports decreased from 151,000 tons to 20,000 tons 
during the same period. The three companies reaped 
enormous profits, and the country was self-sufficient 
to the extent of 81% of its consumption of cement 
by the end of the War. 

The following table summarises the position 
during the Great War: — 

(In thousands of tons) 


Year 

Imports 

Production 

Consumption 

Percentage of 
production to 
consumption 

1914 

151 

1 

152 

0*67 

1915 

126 

18 

144 

12-5 

1916 ; 

81 

39 

120 

330 

1917 

70 

74 

144 

514 

1918 

20 ; 

84 

104 

80-8 


Peace brought more imports, hnd more companies 
too. Seven new companies started production 
during 1919-22. Although the consumption of 
cement increased, there was an over-supply due to 
imports and internal over-production. Prices de- 
creased and production fell much below the total 
production capacity. In 1925, India imported only 
68,000 tons of cement. She produced 361,000 tons, 
though the production capacity was 451,000 tons. In 
other words, twenty per cent of our production 
capacity was unused. 

During 1925-30 the imports were rather stable. 
Internal production of cement increased though at a 
decreasing rate. It stood at 564,000 tons in 1930. 
The use of cement also went up from 429,000 tons 
in 1925 to 636,000 tons in 1929. The next year the 
consumption declined by about 4,000 tons. Our 
production was still below the production-capacity. 
An idea of the .surplus production-capacity can be 
got from the fact that the 10 companies of 1925 had 
increased their production-capacity to 820,000 tons 
in 1930-31, that is, about 50% above the total produc- 
tion of cement. Clearly, the cement industry was 
falling on evil days, but there were certain silver 
linings to the otherwise dark clouds. 

Tariff Board 

In 1924, the cement industrialists applied to the 
Government of India for protection against foreign 
competition. A Tariff Board was appointed. Due 
to the existence of a destructive rate-warfare among 
the Indian cenlent producers, the Tariff Board did 
not recommend any protection, though it was not 
averse to the grant of a bounty. It advised the 
producers to cooperate in the field of marketog. 
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However, in 1926 the Government of India 
charged the import duty on cement from 15% ad 
valorem to rupees nine per ton. The same year the 
cement producers established an Indian Cement 
Marketing Association. In order to find new uses 
of cement and to popularise its use, the Concrete 
Association of Irtrlia was created in 1927. In 1930 
the Marketing Association was replaced by the 
Cement Marketing Company of India Limited. It 
arranged the sale of cement from different companies 
on a quota basis. The amount to be sold for each 
company was fixed on the basis of its previous sales. 

The Marketing Company did well till 1935. Then 
it was found that under the new system not infre- 
quently cement was supplied in the markets from 
distant companies, although some company located 
nearby could have undertaken the supply easily and 
at cheaper cost. An improvement was therefore con- 
sidered essential. 

The Associated Cement Company 

Consequently, in 1936 the various cement com- 
panies combined to form the Associated Cement 
Company. It had four important objectives: — 

(i) To organise sales in the most advantageous 
way ; 

(it) To regulate production in relation to demand 
for effecting economies in production and distribu- 
tion costs ; 

(Hi) To improve the industry by developing 
production in suitable localities ; and 

(iv) To control production in unsuitable areas. 


Economic Depression 


There was an economic depression in 1931, 
which reduced the internal production of cement still 
below the production-capacity. In 1936, factories 
were started by the Dalmia Managing Agency in the 
different parts of the country. Dalmia claimed that 
the cost of production could be further reduced and 
thus the consumption of cement can be increased. 
For some years there was a destructive competition 
between the two rival groups though they were not 
equally matched so far as production-capacity was 
concerned, as is clear from the distribution of 
the production-capacity before World War II shown 
below : — 


Name 

A. C. C. 

Dalmia 

Others 


Production-capacity 
(In lakhs of tons) 
... 18*6 
... 5*6 

... 3-6 


Total 


... 27*8 


Fortunately for us, they have now compromised. 
However, the production and consumption of cement 


in the country continuously increased during 1931-39, 
particularly after 1936. In 1938-39, the import was 

21.000 tons, the production 1,512,000 tons and the 
consumption 1,533,000 tons. This was about two and 
a half times of the 1931 position, except with regard 
to import which was one-third of what it was in 1931. 

Among the industries developed in India in this 
century, the cement industry deserves a special 
mention. In 1940-41, we imported only 4’3 thou- 
sand tons of cement costing Rs. 6 lakhs. The same 
year we even exported some cement. The A. C. C. 
already has on hand orders for exports of cement. 
The exports are mainly to countries like Iraq, Celyon 
and the Dutch East Indies. Within forty years the 
industry has been developed into an exporting 
industry. During World War II, the production- 
capacity of the cement industry was 2,782,000 tons, 
though the annual production never exceeded 

2.250.000 tons (1941-42). Since 1942, the production 
has been continuously decreasing. 

\ 

Capital 

Although there has been much undersirable com- 
petition between the different cement producers in 
India, the cement-companies have distributed high 
profits. In peace time the cost of production was 
estimated to be about Rs. 25-30 per ton and the 
market price was generally not below Rs. 45 per ton. 
There was therefore a margin of about Rs. 15 per ton. 
It is estimated that with proper organisation a cement 
factory can return its capital in five years. Today 
the reserve fund and the share capital invested in the 
industry amount to about Rs. 17 crores. 

Labour 

Twenty-five years ago the industry employed 

5.000 workers. In 1939, the number had increased 
to 10,000. Today it exceeds 25,000. 

The percentage distribution of the industry by 
labour force underwent a change between 1925 and 
1937. The industry became more dispersed as is 
clear from the following table : — 


- . 

Province 


Percentage distribu- 
tion of labour 




(1925) 

(1937) 

C. P. 



35-8 

31-8 

Punjab 

... ,,4 


15-2 

130 

Bihar 

• * * 


9-7 

169 

Madras 

... ... 


— 

2*3 

Rajputana 

Hyderabad 

... 


280 

17-8 

9-2 

Baroda 




3*6 

Bombay States 

j 

11*3 

5-4 




1000 

1000 
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As a result of the enquiry recently made by the 
Rege Committee, it was found that the majority of 
the workers are not skilled workers. Really, the 
cement companies do not require skilled workers. 
Consequently, the wages are not high. One-third of 
them earn between 8-12 annas per day and 61*47% 
do not get even a rupee per day. Apart from low 
wages, the cement workers are better placed than 
other industrial workers, particularly with regard to 
housing, social security and welfare. Due to plenty 
of land and own-supply of cement, satisfactory 
arrangement exists in regard to housing of the 
labourers. In addition, arrangements have been 
made for medical care, education, games including 
indoor games and even cheap grain shops. The 
facilities are better provided by the A. C. C. group. 
An aid-fund is being organised for help to the worker 
in times of need. There is also provision for pro- 
vident fund and service gratuity. In the Dalmia 
group, there is provision only for provident fund, 
and that too for workers earning more than Rs. 25 
per month. This is undesirable and should be 
remedied. The cement worker is therefore well off 
except in regard to his wages. 

Size ob the Firms 

Before we deal with the present problems and 
the future planning of the industry, it is advisable 
to say something about the size of the different 
companies and the location of the industry. Business 
considerations demand that the size of the firm should 
conduce to minimum cost. The Tariff Board (1925) 
was of the opinion that the purpose would be served 
if each factory has two furnaces and a production- 
capacity of 40,000 tons. At that time the number 
of companies was small and each got an opportunity 
to serve a good portion of the country’s demand. It 
may be argued that as the number of factories 
increase, each shall have a smaller market to serve 
and that this shall affect the size of the factories. 
But we must not ignore the fact that the demand for 
cement is increasing by leaps and bound. So, though 
each factory may serve a small area, it may have a 
considerable demand. Till now, of the twenty-three 
factories, the greatest number, t.e., six had a pro- 
duction-capacity between 60-80 thousand tons. But 
twelve factories had a production-capacity exceeding 
100 thousand tons. Of the twelve, nine had a pro- 
duction-capacity over 150 thousand tofts each. The 
tendency is clearly towards a unit of 100,000 tons 
capacity. 

Location 

The location of the industry has been rather 
unevenly distributed. Both in regard to the total 
production and the number of factories, a major por- 


tion of the industry has been concentrated in four 
provinces, viz., Bihar, Madras, Sind and Punjab. 
Production has not been so far undertaken in U. P., 
Orissa, Bengal and Bombay. C. P. too has not 
produced much. This does not mean that cement 
cannot be produced in these regions. The situa- 
tion is being remedied in the new planning of the 
present Government of India. Out of 15,50,000 tons 
of the additional capacity for which a plan has been 
made, 650,000 tons, i.e., about two-fifth have been 
allotted to these provinces. 

The distribution of the additional production- 
capacity in present India is as follows: — 


Province 

Additional production 
capacity (in lakli tons) 

Bombay 

300 

Bihar 

... 200 

Assam 

... 100 

C. P. 

... 100 

U. P. 

... 100 

Orissa 

... 100 

Bengal 

... 50 

Indian States . . . 

... 600 

Total 

... 1550 


In U. P. the construction of a cement plant 
costing Rs. 2 crores has been placed with 
Messrs. Vickers Armstrong Ltd. It will be in- 
stalled near Markundi, south of Robertsganj 
in the Mirzapur District to produce 700 tons 
of cement per day. The lay out of the plant 
will provide for extensions to produce up to 1,400 
tons per day. The plant is expected to function 
fully after 1950-monsoon. The limestone deposits at 
Markundi are sufficient to last for 50 years. In the 
vicinity there are deposits of limestone to last this 
plant for centuries. 

Three factors have to be considered to determine 
the lpcation of the industry — raw materials, source 
of power and the market. Of the three essential 
raw materials, viz., limestone, loam and gypsum, the 
first two are widely distributed in the country and can 
be found near the railway lines. That is why the 
companies are generally located near the railways. 
Gypsum has to be fetched from a distance but the 
cost is not high. C. P, has had raw materials and 
markets too, but its importance shall decrease with 
the development of hydroelectricity. So far as the 
third factor, market, is concerned, there was a time 
when, in order to avoid foreign competition, our 
factories were located away from the ports and sup- 
plied only the internal markets. This danger is no 
longer important. The industry is tending to distri- 
bute itself, not only with regard to the Indian 
provinces but also the Indian States, which are also 
allotted about two-fifth of the additional planned 
production-capacity. * 
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Future Planning 

Before the division of India the State had planned 
for an additional production-capacity of 31 lakh tons 
of cement. Of the twenty-three companies, fifteen 
were to increase their production-capacity, and nine- 
teen new companies were to be established. Twenty- 
one companies had placed their orders in England, 
Denmark and America. It was estimated that by 
1952, when the public and the government would 
require 40 and 20 lakh tons of cement respectively, 
we shall be able to meet the demand from internal 
production. The original plan was to produce 60 
lakh tons of cement in 1952. This has been reduced 
to 50 lakh tons after the division of the country. 

Present Problems 

At present cement is not available easily and at 
low price. This is partly due to difficulties of dis- 
tribution and partly due to the high cost and un- 
certainty of production. In 1942 the Central Gov- 
ernment had instituted a control and taken 80% of 
the cement for military use. Although with the 
expiry of the Defence of India Rules, the Central 
control has gone, the provinces still exercise a con- 
trol on the production and distribution of cement. 
The situation shall ease as the control is withdrawn. 


As to the high cost of production, wages have 
gone up. Also, the price of jute bags has increased, 
and it is unfavourably affected by the division of the 
country and the imposition of an export duty on 
raw jute by Pakistan. 

Another difficulty is the uncertainty of the trans- 
port of coal. For every ton of cement, there is 
required one-third ton of coal. At this rate for a 
production of even 21 lakh tons of cement, about 
60,000 tons of coal are needed per month. Recently, 
coal has not been available at more than 40-45 
thousand tons per month. The government of India 
is making efforts to solve the problem of transport but 
there is not much hope. Therefore, one would not 
be surprised if the production of cement decreases 
further. 

From the point of view of increased production, 
a third bottleneck is the lack of machinery. During 
the war, cement plants have been used under pres- 
sure and have depreciated. On the other hand, new 
machinery has not been imported. To get over this 
difficulty, some factories have started manufacturing 
their own machinery. Even so, we have to import, 
from U. S. A., England, Denmark and other foreign 
countries, such machines as power-plants, boilers, 
reduction gears and electric motors. The sooner we 
get them, the faster shall our production increase. 


MULTIPLICATION OF CHROMOSOME NUMBERS IN RELATION 
TO SPECIATION IN ZINGIBERACEAE 

A. K. CHAKRAVORTI, 

DEPARTMENT OF BOTANY, CALCUTTA UNIVERSITY 


fTIHE family Zingiberaceae with 45 genera and about 
1 800 species (Willis, 1931) is chiefly Indo-malayan 
in distribution. The genera Costus and Renealmia 
are exceptions, being mostly confined to the western 
hemisphere. India contains 21 genera and more than 
200 species (Hooker, 1894). 

As compared to the large, number of species 
belonging to this family chromosome numbers of 
only a few have so far been recorded. Chromosome 
numbers of 31 species spread over 9 genera including 
the work done by Raghavan and Venkatasubban 
(1943) are on record. In addition the chromosome 
numbers of 11 species have been determined by the 
author and in the following table, the chromo- 
some v numbers of 42 species belonging to 9 genera 
pf Zingiberaceae ‘are shown. The data, though they 
may appear to be inadequate, bring out clearly 


certain interesting features in relation to polyploidy 
as a means of speciation in the family. 


Chromosome numbers in Zingiberaceae 


Species 

o . 

?! 

5 c ^ 

£5! 

Meiotic 

Chrom. 

No. 

Author 

Year S 

1. Zingiber officinale 





Rose. 

22 

— 

Sngiura 

1928 


22 

— 

Morinaga et al 

1929 


24 

— 

Takahashi 

1945 


22 



Raghavan & V* 

1943 


22+21 

— 

Janaki-Amtnal 

1945 


22 

— 

Chakravorti 

1947 

2. Z . cassumunar 




t 

Roxb. 

22 

— 

Raghavan & V. 

1943 


22 ; 

11 

Chakravorti 

1947 

3. Z: zerumbet Sm. 

22 

— 

Raghavan St V. 

1943 


22 

11 

Chakravorti 

1947 
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Chromosome numbers in Zingiberaceae — Contd. 



Is !•■ 

a B 



Species 

§2 .'!• 

2 o 

Author 

u 

a 

icSo^!: 



V 

>< 

■*! 

4. Z. rubens Roxb. ! 



22 

11 

Chakravorti 

1947 

5. Zingiber sp. ... 

22 

11 

Do. 

1947 

6, Z. mioga Rose. ... 

55 

— 

Morinaga et al 

1929 

7. Alpinia calcarata 





Rose. 

48 

— 

Raghavan & V. 

1943 


48 

24 

Chakravorti 

1947 

8. A. bracteata Roxb. 

48 

24 

Do. 

1947 

9. A . allughas Rose. 

48 

— 

Raghavan & V. 

1943 


48 

24 

Chakravorti 

1947 

10. A, malacccnsis koc. 

48 

24 

Do. 

1947 

11. A. aqualica Rose. 

48 

24 

Do. 

1947 

12. A. vittata Bull. ... 

48 

— 

Raghavan & V. 

1943 

13. A. nutans Rose. ... 

48 

— 

Do. 

1943 


48 

24 

Chakravorti 

1947 

14. A . galanga Sw. obs. 

48 

— 

Raghavan & V. 

1943 

15. Elettaria cardamo - 





mum Man ton 


24 

Gregory 

1936 


52 


Chakravorti 

1947 

16. Phaeotnaria airopur -j 





purea .... t 

— 

24 

Boehm 

1931 

17. Kaempjeria atro - I 





virens ... I 

22 

11 

Chakravorti 

1947 

18. K, Gibsoni ... 1 

24 

— 

Raghavan & V. 

1943 

19. K. Gilbertii Bull. 

36 

— 

Do. 

1943 


33 

— 

Chakravorti 

1947 

20, K. rotunda Linn. 

54 

— 

Raghavan & V. 

1943 


33 

— 

Chakravorti 

1947 

21. K. cienkowskya (?) 

28 

— 

Do. 

1947 

22. K. Galanga Linn. 

54 

— 

Raghavan & V. 

1943 

23. Curcuma aromatica 





Salisb. 

42 

— 

Do. 

1943 


42 

— 

Chakravorti 

1947 

24. C. amada Roxb. ... 

42 

— 

Raghavan & V. 

1943 


42 

— 

Chakravorti 

1947 

25, C. angustifolia 





Roxb. 

42 

— 

Do. 

1947 

26. C. longa Linn. ... 

64 

' — 

Sugiura 

1931 


62 

— 

Raghavan & V. 

1943 


62, 63, 

Irre- 



1 

64 

gular 

Chakravorti 

1947 

27. C. Zedoaria Rose. 

63, 64 

Do. 

Do. 

1947 

28. Hedychium fiaves - 





cens Cau. 

34 

— 

Raghavan & V. 

1943 

29. H. Greenii 

36 

— 

Do. 

1943 

30. H. flavum Roxb. 

52 

— 

Do. 

1943 

31. H. coronarium 





Koen. 

54 

... 

Do. 

1943 


54 

. - 

Chakravorti 

1947 

32. H. Gardnerianum 





Rose. 

54 

... 

Raghavan & V. 

1943 

33. U. gracile Roxb. 

66 

— 

Do. 

1943 

34. H. Elwesi Baker 

66 


Gregory 

1936 

35. Globba bulbifera 





Roxb. 

48 


Raghavan & V. 



48 

Irre- 





gular 

Chakravorti 

1947 

36. Costus cylittdricus 

— 

8 

Boehm 

1931 

37. C. malarotiensis ... 

18 

— 

Gregory 

1936 

38. C. igneus N. E. Br. 

18 

— 

Raghavan & V. 

1943 

39* C. discolor 

18 

— 

Do. 

1943 

40. C. speciosus Smith 

36 

18 

Banerji 

1940 


36 

— 

Raghavan & V. 

1943 


36 

18 

Chakravorti 

1947 

41. Costus sp. 

36 

18 

Do. 

1947 

42. Costus sp. 

44 


Do. 

1947 


* Raghavan & V, stand for Raghavan & Venkata- 
subban. 

f The year indicates the period during which this work 
was completed and received for publication. 


The different species of Zingiber show different 
chromosome numbers, such as, 2n-22, 22+2f, 
24 and 55. The present observation in Z. officinale 
with 2n=22 chromosomes is in conformity with that 
of Raghavan and Venkatasubban (1943). The number 
2% -24 as reported for this species by Takahashi 
(1945) is most likely due to the presence of 2 extra 
fragments as recorded by Janaki-zl mmal (1945) 

In view of the normal pairing of chromosomes 
forming 11 bivalents in species like Z. cassumunar, 
Z. Tscrumbet and others, Z. mioga with 2n=5S 
chromosomes is to be considered as a pentaploid 
species. The intermediate numbers, such as, 2n—33 
and 44 have yet to be found. It is interesting to note 
that though most of the species of Zingiber are Indo- 
malayan, some of them have spread as far north as 
China and Japan. The genus has also migrated to 
Mascarene and Pacific Islands (Rendle, 1930). That 
the migration of species of Zingiber northwards has 
resulted in the evolution of polyploid species is ex- 
emplified by Z. mioga with 2n=55 chromosomes. 
This species occurs in Japan. Evolution of polyploid 
species concurrent to migration has been reported in 
different plant genera (cf. Tischler, 1937 ; Babcock, 
1942 ; Anderson, 1937 ; Strelkova, 1938 ; Manton, 
1934 ; Beatus, 1936). 

The genus Kaempferia also shows clear evidence 
of polyploidy. K. atrovirens with 2n=22 chromo- 
somes is a diploid species showing normal pairing 
and 11 bivalents. K . rotunda* and K. Gilbertii on 
the other hand are triploids with 33 somatic chromo- 
somes. The nature of polyploidy in these two species 
i.e., whether they are alio- or autotriploids will be 
ascertained later from an examination of their pollen 
mother cells. 

K. cienkowskya^ has 2n=>28 chromosomes. 
According to Raghavan and Venkatasubban (1943) 
K. rotunda and K, Galanga both have 2n=S4 
chromosomes. Whether these species are hypotetra- 
ploids derived from species like K. cienkowskya 
(2n-28) or are true tetraploids with 2n=56 chromo- 
somes instead of 54 should be decided after a careful 
•re-examination of both the species. Similarly, there 
are reasons to doubt whether K, Gibsoni and K. Gil- 
berti have 2n=24 and 2n=36 chromosomes respective- 
ly as reported by Raghavan and Vankatasubban or 
whether the correct numbers should be 2n=22 and 
2n-33 respectively as found in some other species of 
the genus referred to above. 


-Plants under the name of K. rotunda investigated by 
the present author were obtained from the Royal Agri- 
Horticultnral Society of India, Alipore. Whether there are 
polypoid forms of the species occnrring in nature is not 
yet known. 

f The identity of this species is doubtful. Rhizomes 
under the name of K. cienkowskya were supplkd by the 
Royal Agri-Horticultural Society of India, AHp&e. 
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The genus Kaemferia therefore, has in all pro- 
bability two distinct polyploid lines based on n= 1 1 
and n—14. 

In the genus Costus there are different species 
18, 36 and 44. The36-chromosomed species appear 
to be tetraploid forms of the 18 - cliromosomed ones. 
Banerji (1940)' has observed normal pairing and 18 
bivalents in C. speciosus, which indicate that the 
species is either an amphidiploid or a balanced allo- 
tetraploid. The unidentified species of Costus ( cf . 
Table) having 44-chromosomes is probably an alio- 
pentaploid form (Sx~8 + 36) produced by the union 
between a normal gamete of a species like C. cylindri - 
cus (2n~16) and an unreduced gamete of the 36- 
chromospmed tetraploid species. A study of meiosis 
of the 44-chromosomed species will throw further 
light on this problem. 

In the genus Curcuma, C. aromatica, C. amada 
and C. angustifolia all have 2n=42 chromosomes, 
whereas species like C. longa and C. Zedoaria have 
63 somatic chromosomes. The latter 2 species are 
therefore, triploid species. Meiosis of C. Zedoaria has 
furnished additional support to this contention. 
Reports of other numbers, namely, 62 and 64 found 
occasionally in C. longa and C. Zedoaria can best be 
explained as being due to somatic aberrations (cf. 
Kihara, 1921 ; Belling & Blakeslce, 1924 ; McClintock, 
1929 ; Larter, 1932 ; Agharkar & Bhaduri, 1935 ; 
Cheesman & Larter, 1935 ; Bhaduri & Sarma, 1946). 
This condition is particularly prevalent in those plants 
which are mainly propagated by vegetative means. 

According to Raghavan and Venkatasubban 
(1943) Globba bulbifera with 48 somatic chromosomes 
is likely to have originated from a basic number 12, 
and hence the species is to be regarded as a tetra- 
ploid. The meiotic behaviour of chromosomes and 
pollen analysis of this species however, clearly indicate 
that it is an autotriploid (3x-48) and not a tetraploid 
species (a detail cytological account of this species 
will be published elsewhere). Further examination 
of different species of Globba especially those growing 
at high altitude or those still restricted to their home 
area i.e., Indo-Malayan region, will not only reveal 
the existence of true diploid species {2n~32) but may 
also show the occurrence of other polyploid types. 
The genus is fairly large containing 72 species and 
is distributed chiefly in the Indo-Malayan area 
(Reiiflle, 1930). 

The occurrence of a high chromosome number in 
many of the species belonging to other genera, 
namely, Alpinia, Phaeomeria and Hedychium though 
suggesting that they are polyploids, is in reality not 
so. A critical morphological analysis of the chromo- 
$omo$ as well as their meiotic behaviour in different 
species of the above genera have suggested (a detail 
account will appear elsewhere) that they are neither 


polyploids nor amphidiploids, but the increase in 
number of their chromosomes has been brought about 
by fragmentation of some chromosomes of other 
closely related genera at the region of supernumerary 
constrictions which are so prevalent in the chromo- 
somes of species of Zingiber and Kaempferia (cf. 
Chakravorti, 1948). Thus, the latter two genera 
having longer chromosomes but smaller in number 
with unusually large number of secondary constric- 
tions have very likely contributed to the origin of 
the different species of Alpinia, Curcuma (diploids), 
Hedychium and others, all of which have compara- 
tively high number of chromosomes which are 
smaller in size and with fewer supernumerary con- 
strictions. Clear evidence of increase of chromosome 
number through fragmentation has been obtained in 
several genera in the allied family Musaceae (Chakra- 
vorti, 1948), and also in Cucumis (Bhaduri & Bose, 
1947) and Salix (Wilkinson, 1944). 

The different species of Hedychium show 
different chromosome numbers ranging from 2n~34 
to 2n = 66 and form a typical aneuploid series. The 
origin of these aneuploid numbers has most probably 
resulted as a consequence of fragmentation of chromo- 
somes in some of the parental forms with fewer but 
longer chromosomes having many supernumerary 
constrictions. 

Though the data at hand^are not sufficient to 
indicate a basic number for the family, it is in all 
probability not 6 as suggested by Raghavan and 
Venkatasubban (1943). The lowest number uptil now 
recorded in the family is n — 8 in Costus cylindricus. 
The genus Costus again from the cytological stand- 
point, is quite distinct from the rest of the genera 
examined. It may be noted that taxonomicallv also 
this genus belongs to a distinct subfamily, Costoidcae, 
while the remaining genera investigated so far belong 
to the second subfamily Zingiberoideac. The lowest 
number recorded in the latter subfamily is n~ll. 
Whether there are two separate basic numbers and two 
corresponding lines of evolution in the family Zingi- 
beraceae can only be confirmed when more data will 
be forthcoming.* 
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AIRCRAFT TURBOJET PROPULSION 

S. K. GH AS WAX A, 

BOMBAY 


'VTEWTON’S third law of motion that action is 

equal and opposite to its reaction forms the 
fundamental operating principle of any propulsion 
mechanism. The conventional airscrew used in air- 
crafts, is merely an arrangement for converting the 
rotary power developed by the engine into a forward 
thrust on the plane and this it does by pushing back- 
wards a large mass of air which, in aeronautical 
parlance is called the slip stream. The forward 
thrust on the airscrew is equal and opposite to the force 
propelling the slip stream, which is equal to the 
momentum created, (i.c. the product of the slip 
stream mass flow and the velocity). In the conven- 
tional airscrew the propulsive thrust can be varied by 
changing the pitch and/or speed of the propellers. 
With the development of higher aircraft speed, 
it was found that airscrew efficiency was main- 
tained only upto about 350 to 400 m.p.h. and 
fell off considerably above these values. This 
is due to the fact that at high airplane speed, 
the speed of the tips of the propellers, not 
only equals, but even exceeds the speed of sound 
in air. When this occurs, the normal streamline or 
laminar flow over the blade sections breaks down and 
a * ‘shock wave” is formed, which is directly respon- 
sible for reducing the airscrew efficiency. To elimi- 
nate this defect, a new method of propulsion has 
been devised whereby the limits imposed by the for- 
mation of airscrew shock waves are suitably over- 
come. This method, which is now regarded as a 
milestone in aeronautical achievements is called Jet 
Propulsion. 

Fundamentals of Jet Propulsion 

In its simplest form a jet propelled aircraft con- 
tains one or more ducts running parallel to the longi- 


tudinal axis of the plane. As the aircraft moves 
forward, an air stream passes through the duct, across 
a mechanism usually a combustion turbine and comes 
out from the tail. As the purpose of the turbine is 
to increase the speed of the air stream, it follows that 
the speed of the stream, relative to the aircraft is 
greater at the outlet of the duct, than at its entrance. 
Now since the speed of the stream is increased, its 
momentum is also increased, and in order to accom- 
plish this it is necessary to apply a force to the air 
in a rearward direction. This force is applied by the 
combustion turbine. The procedure described above 
is only explanatory, because actually it is the reverse 
that holds true in practice. Thus since action and 
reaction are equal and opposite, it follows that if the 
turbine applies a force to the air, an equal and oppo- 
site force is exerted on itself, that is, in turn on the 
aircraft. It is this reactionary thrust that provides 
the necessary propulsive force for the airplane. It 
can therefore be easily realised that the heart of a 
jet propelled plane is its turbine mechanism — a plant 
on whose efficiency the whole performance of a jet 
plane depends. In such a turbojet plane, the con- 
ventional horsepower is no longer a measure of pro- 
pulsive achievement. Unlike the ordinary engine of 
pistons and cylinders which has a constant energy 
output expressed in horsepowers, a turbojet plane’s 
performance is measured by its thrust. One pound 
thrust equals one H.P. at 375 m.p.h. This means 
that an engine of 4000 pounds thrust develops the 
equivalent of 4000 H.P. at 375 m.p.h. or 8000 H.P. 
at 750 m.p.h. The most staggering example of this 
is the 14 ton German V-2 rocket which exerts 58,000 
pounds thrust to take off, then accelerates upto 3500 
m.p.h. by developing the equivalent of 600,000 H.P,— 
an achievement only possible through jet propulsion 
principle. A typical jet unit of the type of de 
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HaviUand Goblin II (as fitted to the de Havilland 
Vampere Fighter) comprises of a compressor which 
draws cold air from the wing air intakes and after 
compressing it to about 40 lbs./sq." supplies it to 
a series of combustion chambers where fuel is in- 
jected and burnt. The expanding mixture of air and 
combustion products drives the turbine and is then 
ejected rearward with great residual energy. The 
graph (Fig. 1) gives a vivid idea of the propul- 



M.P.H. 

FlC. 1. Propulsive Efficiency of Aircrafts. 

sive efficiency of a typical aircraft flying at 

20.000 ft. (1) with airscrew arrangement, (2) with a 
jet propelled plant, (3) as a rocket. It will be observed 
from this graph that the efficiency of the jet equals 
that of the airscrew only after a speed of 550 m.p.h. 
has been reached. However for higher altitudes say 

30.000 ft. this ‘target* speed would reduce to 450 
m.p.h. Effective use of the jet principle utilizing 
atmospheric air for the thermodynamic cycle and 
as a produlsive agent as well, requires an engine 
capable of handling large flows of air but propor- 
tionately light in weight. . The turbojet engine with 
turbine driven centrifugal or axial flow compressors 
meets these requirements to a high degree. 

Varieties of Jet Propulsion Motors 

There are several varieties of jet mofors available 
such as the Impulse-Duct Jet motor, which works on 
an explosion cycle and which with certain modifica- 
tions, was used in the pilotless German aircraft, 
better known as the flying bomb of the type F.Z.C. 
76 ; the Constant Pressure Duct Jet motor, which 
considered purely as a jet propulsion unit has only 

3 


an academic value because of its very low overall 
efficiency although the principle of the system has 
an important application in the ducted radiators 
employed in liquid cooled reciprocating aero engine- 
installations ; and the Combustion Turbine Jet motor 
which is the present accepted type of jet propulsion 
motor used in modern aircrafts. In this type the 
overall efficiency of the plane is primarily dependent 
upon the efficiency of the turbine. It was in this 
form that the distinguished English designer Air Com- 
modore Sir Fank Whittle first put up his ideas on a 
unit which now bears his name. It would be out of 
place to describe the Whittle Jet Propulsion Turbine, 
again in this article, as this subject has been very 
well described in many papers presented before the 
Royal Aeronautical Society and The Institution of 
Mechanical Engineers (London), The Institute of 
Aeronautical Sciences, U. S. A., and in other engi- 
neering journals. Very briefly it may be stated that 
in the Whittle system the source of power is an 
internal combustion turbine which gives its output 
not as shaft power, but in kinetic energy of the work- 
ing fluid, which is expelled rearwards to form the 
ict. Comparing this system with the one developed 
by the Italian engineer, Campini, it may be stated 
that the latter's piston engine is replaced by the 
internal combustion turbine, the jet air compressor is 
combined with that for the turbine unit, while 
Campini's fuel burning arrangements are rendered 
redundant, as the air is heated in the combustion 
chamber before the turbine. Of all the developments 
the Whittle system is the simplest, (except perhaps 
the flying bomb engine or thermal duct units, — not 
considered here) and one which is becoming the most 
popular for jet propulsion. 

Developments in Jet Propulsion 

The main drawback of a jet engine in its pre- 
sent state is its excessive fuel consumption. Never- 
theless this disadvantage has to be considered and care- 
fully weighed against the other outstanding attrac- 
tions such as very high speeds ; simplicity of design, 
ease of manufacture and maintenance ; reduction in 
overall weight, sound, and size of undercarriage ; 
absence of drag due to slip stream on wings, and of 
reciprocating parts, meaning less vibration, and 
lighter engine mountings and simpler control systems. 
The question of fuel economy appears to favour the 
development of the turboprop — a plant incorporating 
a turbine and a propeller — which one school of 
thought believes to be the first and logical step 
towards jet power. Calculations reveal that the dis- 
advantage of turbojets, in developing maximum 
power only at top speeds, is practically completely 
eliminated by turboprops having economical cruising 
speeds between 350 to 450 m.p.h. Britain has gone 
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one step even beyond the turboprop, by Me vising the 
turbo fan (or ducted faft) which employs a bladed 
wheel to add a second jet stream and thus increase 
the thrust and take-off power for speeds between 400 
and 500 m.p.h. Thus by the end of this decade 
the progress in aircraft propulsion will have advanced 
to such a stage that the reciprocating propeller engine 
will be used for light planes upto 300 m.p.h., the 
turboprop or turbofan for extreme long range tran- 
sports at 300 to 500 m.p.h., and pure turbojet engines 
for high, fast and short hauls above 500 m.p.h. That 
is not all. The magnificent developments in rocket 
propulsion are also affecting the progress of aero 
engines, for in order to fly very fast and very high, 
jet propelled engines have to give way to the pulsejet, 
the ramjet and finally the pure liquid fuel rocket. 
The pulsejet reaches 1000 m.p.h., the ramjet 1500 
m.p.h. and the rocket 3500 m.p.h. Germany put the 
first jet fighters into combat in 1943, the first pulsejet 
engines soon after, and was no less than ten years 
ahead of all other countries in the development, pro- 
duction and launching of the high-thrust liquid fuel 
rockets. Britain was almost concurrent in turbojet 
development, and since November 1945 has held the 
official world’s speed record of 606 m.p.h. set by the 
jet propelled Gloster Meteor. Strange as it seems 
America has lagged behind in jet propulsion and it 
is only since the last few years that she is trying to 
catch up with her contemporary nations. The study 
and development of propulsive power is vividly 
brought to light by Dr Fritz Zwicky, a brilliant Swiss 
technologist in his Morphological Chart, (Fig. 2). A 



study of this chart will unfold its three-dimensional 
nature represented by the general character of the 
propellant, motion of engine parts, and type of thrust. 
By pulling out any drawer in the file cabinet, each 
compartment will be found to contain a particular 


engine or one still to be invented. According to Dr 
Zwicky, this is not only a method of straightening 
out the great new and varied range of chemical com- 
bustion engines but is also a way to organize whole 
field of invention from new power plants employing 
atomic energy to radio-electronic devices and cancer 
research. 

Materials for Jet Engines 

The development of jet engines has' also brought 
to light a very important phase in physical chemistry, 
and metallurgy, viz, the production of materials for 
use in turbines which are subjected to heavy pressures 
at high temperatures. In one of the ten lectures 
delivered before the Institution of Mechanical Engi- 
neers, London, a most comprehensive account of the 
fundamental work done in Great Britain on the deve- 
lopment of materials for gas turbines was given by 
Dr Taylor. Prior to 1939 the ferrous alloys used 
for turbine blades withstood a temperature upto 
550°C only, without excessive creep. With the steady 
development of gas turbines, the turbine blade tem- 
peratures have risen to 700°C, for which precision 
casting methods have been evolved which it is be- 
lieved will also be further outstripped by the use of 
new alloys with resort to powder metallurgy methods. 
Ceramic blades, though only in their experimental 
stage of production at present, offer the turbine 
designer a useful material for use of fixed blades for 
temperatures above 700°C. For turbine discs also, 
newer alloys }ia ve to be used with newer modes of 
fabrication such as “Warm Working,” Materials 
used for turbine nozzle assembly, combustion 
chambers, and compressors, have also been the sub- 
ject of detailed study as regards creep, fatigue, and 
damping-capacity and a critical scrutiny by fluore- 
scent, chalk and oil, anodizing and supersonic wave 
methods. 

Conclusion 

* 

In the past three years jet propulsion has 
exerted a profound influence on new aircraft design. 
At constant thrust both H.P. output and miles 
travelled per unit of fuel consumed, increased in 
almost direct ratio to the aircraft speed. Consequently 
the parasitte component of drag should be reduced 
by every practical design expedient. Much research 
and design work still remains to be done to deter- 
mine the optimum power plant location within the 
air plane to obtain the best ram efficiency, to minimise 
tail pipe losses and to achieve minimum external drag 
within the large variations of flow through the 
internal flow system. Large airflows carried through 
the turbojet plants may prove advantageous in flue 
utilisation of boundary layer for high lift ftr lower- 
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mg the cruising specific fuel consumption. Cabin 
supercharging will be somewhat less troublesome a 
problem than with other types of power plants, since 
the required amount of air may be taken from the 
compressor where it is easily available after com- 
pression. The high powers available in small 
packages with turbojet engines permit the airplanes 
to fly in the sonic range. In such cases com- 
pressibility effects or the Mach spectrum is the essen- 
tial factor determining the maximum velocity. In 
fact for the first time in the history of aeronautics 
developments in power plant have completely out- 
classed problems in aerodynamics, so that today the 
aircraft designer, as. never before, is frantically trying 
to catch up with the engine designer, who is miles 
ahead of him. The various problems now remaining 
to be solved will serve as a challenge to aeronautical 
engineers for many years. 
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ERADICATION OF WATER-HYACINTH BY METHOXONE 

ON A FIELD SCALE TRIAL 


G. P. MTTRA 

ECONOMIC BOTANIST’S LABORATORY, GOVERNMENT OF 
WEST BENGAL, CHINSURAH 


HE popular and easy way of removing the weeds 
from fields have been to plough and replough 
the soil and thus remove them by mechanical means. 
With the gradual development and uses of chemicals 
in relation to cultivation and plant growth, such sub- 
stances are being increasingly used as poisons for 
killing the weeds. 

. In recent years (1942-44) substances have been 
found which are specifically poisonous to certain 
kinds of weeds without harming the cereal crops 
growing along with them in the .fiteld. One of these 
compounds 2-methjd-4 chlorophenoxy-acetic acid has 


been developed as a commercial weed killer under 
the name ‘methoxone’. 

Ear 1 has tested by preliminary pot culture experi- 
ments the efficacy of methoxone as an eradicatonJf 
water-hyacinth. The present note contains further 
account of the experiments both in pot culture as 
well as under actual field conditions carried out by 
the writer at Dacca, now in Eastern Pakistan. 

Eull grown water-hyacinth plants ( Eichhornia 
crassipes Solms) were brought out from some tank 
and were allowed to grow in large earthenware tubs 
having 19* diameters each and containing 4 plants. 
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After the plants were thoroughly established in the After 156 hours : 
tubs, different treatments were administered as 
follows : 

„ 180 „ 


Strength 


No. of 
applications 


i Control 
I 1*18 gm. 

I 118 gm. 


1% dusl 


D 

2-36 gm. 

*» 

M 


1 



E 

2-36 gm. 

t* 

48)”l0% 


2 

„ 228 


F 

4-25 c.c. 

a 

solution 

1 

) t 

G 

4*25 c.c. 


48) „ 

n 

2 

,, 252 


H 

85 c.c. 

(1 

96) „ 

,, ... 

1 

„ 276 


I 

8-5 c.c. 

a 

96) „ 


2 

J i 

J 

K 

4-25 c.c. 
4-25 c.c. 

a 

a 

24) „ 

24) „ 

”, 

1 

2 

„ 300 

* ) 

h 

8-5 c.c. 

a 

48) „ 

,, 

1 

„ 324 


M 

8*5 c.c. 

a 

48) „ 

»» *•• 

2 

J » 


- 





348 j 

n 


The methoxone dust was sprayed uniformly on 
the upper vegetative parts of each water-Jiyacinth 
plant by means of a duster. The parts of the plants 
which remained submerged naturally did not come 
into contact with the sprayed dust. In the case of the 
solution, the methoxone was sprayed by means of ? 
sprayer on the upper vegetative portions of the 
plants. 

Observations were recorded after 12 hours on 


i t 204 „ 


Some portions of the stems at the 
nodal region got disorganized. 

Do. Do. Rapid disorga- 
nization of the root-stock was 
also observed. 

Rapid disorganization of the 
vegetative parts. Disorganization 
prominent both in roots and 
leaves. 

Same as above. 

Do. Do. 

Do. Do. 

Do. Do. 

Do. Do. 

Treatment D i.e ., the application 
of 2*36 gm. 1% dust gave very 
marked result. The plants were 
almost fully disorganized. Simi- 
larly the treatment K i.e., 4*25 c.c. 
(1 :24) 10% solution spray applied 
twice gave The best result. The 
plants became totally disorganized. 
The aquatic insects, tadpoles and 
small fishes were however not 
affected. 


the first day and then daily i.e., after every 24 hours Microscopic preparations, of the tissues of the treated 
to see the effects. The dusting and spraying were plants were studied and it was found that plasmolysis 
done on 17-6-47 and the second application was done of the cells of ’ the stems and roots started after 12 


on 7-7-47 (after 3 weeks). 

After 12 hours : The leaves which were erect, 
showed drooping, i.e., the distal 
end of the petiole showed fine 
curvature. 


hours. Greater plasmolysis was associated with the 
higher doses of methoxone. The control plants 
showed full turgid cells. As the tissues became more 
and more flaccid, plasmolysis was also more 
prominent. 


36 ,, The petiole with the lamina bent 

down and after touching the sur- 
face of the water gradually 
became flaccid. 

60 ,, The lamina and part of the petiole 

became brownish in colour and 
shrivelled up. 

84 ,, Same as before but more dried 

up. 

108 ,, The roothairs and some rootlets 

became disorganized and ,got 
separated out from the parent 
plants. Parts of the leaves and 
stems also began disorganizing. 

132 ,, Do. Do. But more pro- 

nounced. 


The experiment was further done on field scale 
on statistical basis in a large tank having a dimension 
of 259' x 176' within the Farm. The tank had an 
inlet as well as an outlet so that the depth of water 
was maintained at 4 7 throughout the course of the 
experiment. There was also a gradual flow of watery 

52 plots were made out for 13 treatments having 
4 replications each. Each plot had a dimension of 
IS' x 8' and the distance between plots were 10'. Each 
plot was laid out on the surface of the water of the 
pond by posting bamboo poles and surrounding the 
area with thin bamboos. 

Full grown water-hyacinth plants were brought 
from some tank outside the Farm. These plants 
were allowed to grow for a month before the spray* 
ing was done. 700 plants were allowed to grow in 
each plot. Different doses of both powder ted solu- 
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tion containing methoxone were prepared with the 
following concentrations for the treatments: 


Treat- 

ments 

- — 

Strength 



No. of 
applications 

A 

Control 




B 

3 oz. 1% dust 



1 

C 

3 oz. „ 



2 

D 

6 02. „ 



1 

E 

6 02. 


... 

2 

F 

1-75 fl. dm. 10% sol in 

105 fl. 

O/. 



of water 



1 

G 

1*75 fl. dm. 10% sol. in 

10-5 11. 

02. 



of water 



2 

H 

1-75 fl. dm. 10% sol. in 

21*0 fl. 

OZ. 



of water 


... 

1 

I 

1*75 fl. dm. 10% sol. in 

210 fl. 

OZ. 



of water 



2 

J 

3*5 fl. dm. 10% sol. in 

io-5 fl. 

OZ. 



i of water 


... 

1 

K 

3*5 fl. dm. 10% sol. in 

io s fl. 

OZ. 



of water 

,, 

*•• 

2 

L 

3*5 fl. dm. 10% sol. in 

210 fl. 

oz. 

1 


of water 

,, 

i 

! l 

M 

3*5 11. dm. 10% sol. in 

210 11. 

oz. 

i 


of water 

•• 

... 

! ‘ 2 


The methoxone dust was sprayed uniformly by 
means of a duster on the upper vegetative parts of 
the water-hyacinth plants. The vegetative parts 
which remained submerged did not come in contact 
with the sprayed dust. In the case of solution the 
methoxone was sprayed by means of a sprayer. 
Observations were made daily and the effect of the 
treatments were noted. The number of dead plants 
were recorded after these had undergone complete 
disintegration of the tissues and by counting the 


less marked than the previous treatment. Plots 
having treatment E i.e. ; 6 oz. 1% dust applied twice 
(1*12 lbs. methoxone in 112 lbs. of dust applied twice 
per acre) also had good effects but the degree of the 
efficiency of the treatment may be considered less 
efficacious than the previous two treatments. 

After 7 days from the time of the first applica- 
tion of the treatment, the. affected plants showed 
shrivelling up and disorganization of the parts. The 
effect became more and more conspicuous with the 
advance of time and within a fortnight most of the 
plants became disintegrated and dissolved with the 
water. Those injured and uninjured plants remain- 
ing got a second application of the treatment after 
3 weeks from the first application. After 7 days from 
the second application of the treatments almost all 
the plants got disorganised, rotted in water and 
gradually dissolved. 

As the treatments K, M. and E showed very 
effective lesults, the number of injured and uninjured 
plants of only these plots receiving these treatments 
were counted after the 4th week and showed the 
result as noted in the table below : 

The observations thus recorded indicate that 
K treatment i.e., 1*12 lbs. of methoxone in 20 
gallons of water and applied twice per acre resulted 
in the highest number of deaths of plants and the 
average percentage of dead plants was 90 5. Further 
the liquid methoxone spray proved to be better than 
the methoxone dust. 

The writer is engaged further on this line of 
work to find suitable time of application, economics 
of the problem etc.* 


Type of plants 


Dead plants 
Injured plants 
Uninjured plants 
Percentage of death 


Treatment It 


Treatment M 


Treatment E 


Average dead 



i 

2 

3 

4 

1 

2 

3 

4 

1 

2 

3 

4 

plants. 



... 

634 

649 

667 

583 

534 

536 

532 

518 

327 

248 

276 

224 

K 633 


45 

32 

27 

68 

82 

91 

75 

94 

213 

240 

245 

278 : 

M 530 


21 

19 

6 

49 

84 

73 

93 

88 

160 

212 

179 

198 1 

E 269 

■" I 

90*5 

92*7 

95*2 

83*2 

76-2 

76*5 

76*0 

74*0 

46*7 

35-4 

39*4 

32*0 | 

1 

S.E. 16-6 


total number of uninjured and injured plants and 
subtracting the number from the total number of 
plants in each plot before starting the treatment. 

The plots which received treatment K i.e,, 3' 5 
fl. dm. 10% solution in 10*5 fl. oz. of water and 
applied twice (i.e., 1*12 lbs. methoxone in 20 gallons 
of water and applied twice per acre) showed marked 
dfect by the epinasty and later shrivelling up of the 
plants. Plots receiving treatment M i.e., 3*5 fl. dm. 
10% solution in 21*0 fl. oz. of water and applied 
twice v (1*12 lbs. methoxone in 40 gallons of water 
applied twice per acre) also showed the effects but 
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1 Kar, B K., Science and Culture, 12, 545, 1947. 


* Thanks are due to Sree Eric A. R. Bane/jee, Economic 
Botanist, West Bengal, for kindly going through the manus- 
cript and for valuable suggestions; to Khan Bahadur Dr 
S. Hedayetullah, First Economic Botanist of the then Gov 
eminent of Bengal who undertook the work and gave me 
facilities at the suggestion of Messrs. Imperial Chemical 
Industries (India) Ltd., Calcutta and to the latter for 
supplying us free of cost both 1% dust and 10% liquid 
concentrate of methoxone for th£ experiment; to Sree Amah 
Chandra Bose, Rntomo:ogical Assistant, for helping me in 
the spray; and to Sree D. D. Bose, Statistical Officer and 
Sree P, R. Roy, Statistician, for statistical help. 
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OBITUARY : 

ALEXANDRE GUI1XIERMOND (1876-1945) 


the World War II came to an end and com- 
munications with countries became normal, we 
began to know more of what may be called indirect 
victims of the war. Marie- Antoin e-Alexandre 

Guilliermond, Professor at the Faculty of Sciences of 
Paris and Director of the Laboratory of Plant Cyto- 
logy, Ecole pratique des Hautes Etudes, Paris, whose 
name is known to cytologists, botanists, zoologists 
and medical men, succumbed on April, 1945, at the 
age of sixty-nine, to the various ailments that assailed 
him in the last years of his life of isolation as a refugee 
in a suburb of Lyons. Some of us in this country who 
came in contact with him in various capacities wish 
to pay our tribute to his memory. 

Guilliermond was born on the 19th August 1876 
in the industrial city of Lyons in France. He 
descended from an academic and scientific family on 
both sides. His father, Jacques Guilliermond, an 
M.D. and Doctor of Pharmacy, was the son and 
grandson of pharmacists who were celebrated for 
their specialities and especially for their scientific 
works connected with cinchona, opium and diverse 
preparations of hemlock (Conium masculatum L.) 
and iodo-tannic compounds. His mother, Magdelaine 
Rollet, was the daughter of the great French Pro- 
fessor, Dr Rollet, Professor at the Faculty of Medicine 
of Lyons, where his uncle Dr Etienne Rollet, was 
also a professor. 

It was very unfortunate that the father, Dr 
Jacques Guilliermond, died when Alexandre Guillier- 
mond was not even two years old. This, perhaps, 
accounts to some extent for the rather frail con- 
stitution and delicate nervous temperament which 
persisted almost throughout the life of Alexandre 
Guilliermond. When he was 5 years old, his mother 
got remarried, and he was brought up by his step- 
father, Dr Lacassagne, who was a professor at the 
Faculty of Medicine at Lyons. 

From this second marriage of his mother were 
born three children : a daughter who later married Dr 
A. Policard, professor at the Faculty of Medicine at 
Lyons ; a son, Antoine Lacassagne, professor of 
radiobiology at the College de France ; and a second 
son, J. Lacassagne, a very successful medical practi- 
tioner at Lyons. 

, Alexandre Guilliermond, as a child, was delicate 
and over-sensitive and nervous, but somewhat of a 
thinker, almost a dreamer, a look which could be 
traced in his eyes even in later years, and very in- 
dependent and gifted for drawing. He did not 
like much his studies at school, but was very curious 


to know things far above his age, and favoured by 
the scientific and artistic surroundings in which he 
lived, was far and away a precocious child although 
lagging at the same time in his school studies which 
he began as late as at nine years. It was only at the 
stage of BaccalaurSat did he develop a real liking for 
his studies and showed himself an excellent pupil. 
Already his essays of this period on philosophy and 
natural science were found remarkable for their preci- 
sion, method and depth. Under well-known teachers 
such as Le Dantec, Caullery, Sauvageau, Grignard 
(Nobei laureate), he became Bachelier bs-Letircs in 
1895, took P.C.N. in 1896, and Licence bs-Sciences 
naturelles in 1899. The teaching of Sauvageau fired 
his imagination and actually decided the first ’orienta- 
tion of his penetrating mind. Still at Lyons, in 1902, 
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ALEXANDRE GUIUIKXMOND. 

he received his Docteur is -Sciences naturelles (State 
doctorate) from the Paris centre. It must be men- 
tioned in this connection that he had had the great 
merit of working on his own, left to himself, almost 
without a guide, except advice and a few hints re- 
ceived by correspondence from Professors Matruchot, 
Regaud, and Gaston Bonnier of Paris. Matruchot 
encouraged him to take up mycological studies ; 
Rigaud, later, put him on the way to cytology ; and 
Gaston Bonnier helped him in various ways in his 
career which was to become so fruitful to botany, and 
to cytology in particular. 

Guilliermond was attracted quite early by the 
monumental studies on yeast of Louis Pasteur and 
later of Hansen, and was puzzled by the curious in- 
herent fermentative properties of the cytoplasm in the 
yeast cell. It was for his original contributions to tile 
cytology, structure and sporulation of yeasts that he 
was awarded his doctorate in natural sciences*. After 
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his D.Sc., he successively studied the nucleus, nuclear 
division, germination, parthenogenesis, rise and fall 
of sexuality and origin of yeasts, culminating in 1910 
in the different publications that appeared on the sub- 
ject, and his own classical monograph “Lcs Levines* \ 
This work* is perhaps better known to the English- 
speaking world through its revised edition, published 
in 1920 by Prof. F. W. Tanner, in collaboration with 
the author. 

There are few cell constituents which Guillier- 
mond did not illumine by contributing something new 
and something fundamental to them, right from the 
early stages of his career. Cytologists have differed 
widely on the presence of a “Central body** in Cyano- 
phyceae , although in su 9 h cases much of the difference 
is due to the different methods of fixation. Guillier- 
mond reported in Cyanophyccae the absence of a 
“Central body**, and varying degrees of concentration 
of the chromatic material forming a reticulate mass 
which divides by a process resembling amitosis. He 
studied the achromatic figure, which in plants occurs 
in two general types: amphiastral in Ascomycctcs 
and anastral. His work on the cytology and sexuality 
of the Ascomycetes is well-known. Up to the end of 
his life he remained a strong supporter of the theory 
of single nuclear fusion and reduction in the Ascomy- 
cetes. In bacteria, he reported the presence of 
“Nuclear granules** and “Spiral filament nuclei**, 
in several cases. 

The mitochondria were brought into prominence 
in the cytological world in no mean measure by 
Guilliermond*s work. He was the first to announce 
that mitochondria were permanent cytoplasmic in- 
clusions. In fact, so many papers were published 
from his laboratory on the origin, behaviour and bio- 
logical significance of mitochondria, that they easily 
form the major part of the literature on the subject. 
He criticized the bacterial theory of mitochondria and 
strongly believed that they arise only from pre- 
existing mitochondria by division, persist in the 
gametes and through the embryonic stages and during 
the development, perform a variety of functions. 
Plant celb usually contain, besides the muclear body, 
three main cytoplasmic elements : the chondriome 
comparable to that of animal cells, lipoids and 
vacuolar apparatus. The first comprises chondrio- 
somes of two kinds : one kind develops into plastids, 
leucoplasts and chromoplasts of various types, and 
the other kind, relatively inactive, elaborate lipoids 
and other products as cells differentiate. The con- 
troversy between Guilliermond and the Dangeards on 
the role and nomenclature of mitochondria is well 
known. It should be said, however, to the glory of 


*T he Yeasts hv Alexandre Guillieftnond. Translated 
and thoroughly revised by F. W. Tanner, New York, John 

Wiley atyd Sons, I#c t 


Guilliermond, that in recent years there have appeared 
many descriptions of the development of plastids 
from minute primordia in cytoplasm, and these 
plastid primordia are often claimed to be mitochondria. 
The number of mitochondria rapidly decreases with 
the formation of plastids. 

The numerous contributions from his laboratories 
show his life's lasting interest in mitochondria and 
the vacuome. So much did he appear in favour of 
vital stains that he gave at times the impression of a 
Neutral Red or Janus Green cytologist. In a lighter 
vein he would sometimes show his cytological tricks 
with these stains and vacuoles and mitochondria and 
chromosomes. These moments with him were 
supremely instructive and unforgettable. He believed 
in the autonomous nature of the vacuome and once 
considered the vacuolar canaleuli and their evolution 
as homologous with the Golgi apparatus of animal 
cells. Later in his life he confirmed that the Golgi 
apparatus does not exist in plant cells. A translation 
from the unpublished French manuscript of Gullier- 
mond*s book entitled ‘The Cytoplasm of the Plant 
Cell** appeared in 1941 being the Vol. 6 of ‘A New 
Series of Plant Science Books* edited by Dr Verdoon 
(Chronica Botanica) . 

As it sometimes happens in a country where com 
petition for academic posts is keen, Guilliermond 
secured his first post of an extra Lecturer in Agricul- 
tural Botany in the University of Lyons only at the 
age of 37, in 1913. In 1923 he was shifted to Paris as 
“Maitre de Conferences de Botanique** at the Paris 
University ; he was made “Professeur Sans Chaire** 
in 1927 and four years later advanced to full pro- 
fessorship at Sorbonne and in 1932 to Directorship 
of the “Laboratoirc de Cytologie v£g6tale dc l*Ecole 
pratique des Hautes Etudes** in Paris. He was the 
recipient of Prix Damazierc (1904), Prix Montagpe 
(1909) of the Institute de France and Prix LaSsdrc 
(1931) of the Ministry. He was made “Chevalier de 
la Legion d* Honneur*’ in 1932, was elected to the 
Academy of Sciences, Paris, in 1935, and received, a 
Doctorat Honoris causa of the Lausanne University 
in 1937. He was President of the Mycological Society 
of France, of the Botanical Society of France Stnd 
Foreign Member of Academies and Learned Societies 
in the U.S.A., U.S.S.R., Poland, Czechoslovakia, 
Roumania and Switzerland. 

As a Professor, he was most generous in his views 
of the work of younger men. Usually, he did not 
accept young workers to his laboratory without a 
crucial test which he carried in his own way, but once 
they passed the test they enjoyed his full confidence 
and friendship. He will be remembered with de^> 
gratitude and affection by* a. number of his disciples^ 
in different countries for his kind and untiring help 
and encouragement. His school of cytological 
thought is actively followed in this country by twS 
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of his former pupils now holding important positions 
in the Universities of Allahabad and Calcutta. His 
work on yeasts is the basis of a whole section of 
scientific activity in the Indian Institute of Science, 
Bangalore ; and work along similar lines will be con- 
tinued at the special Institute of Fermentation 
Technology which will be started in this country in 
near future. 

He married in 1927 his own student (nde H61&ne 
Popovici), daughter of Prof. Popovici, Professor of 


Botany atdhe University of Jassey (Roumania) and 
is survived by his wideband twoMaughters. 

We are grateful f pgr , the access to many of the 
details given above to the kindness of .Mrs H. 
Guilliermond. 

Shri Ran j an 
R. K. Saksena 
G. T. Raid 
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THE ELEMENTS 43 AND 61 

Visible samples of two chemical elements which 
have been produced at last in the atomic pile were 
exhibited for the first time at the symposium of the 
American Chemical Society at Syracuse, New York. 
The element 61 was shown in the form of two salts, 
the nitrate and the chloride, — two to three mgm. of 
,%>lid appearing as pink and yellow smears respectively 
►on white porcelain discs. The element 43 was shown 
as ^ silvery metal and as a white oxide. 

More than twenty years ago, chemists in the 
JLLS.A. and in Italy claimed to have discovered 
element 61 in ores and proposed the names of illinium 
and^florentium. At the moment, Marinsky and 
Gleltdetiin of Massachusetts Institute of Technology 
claim "to have produced the dement 61 in the atomic 
pile in two ways, by purification of the products of 
uranitnp fission and by bombardment with neutrons 
o little known element called neodymium. The 
element 61 was isolated in a pure form by /ion ex- 
change Marinsky and Glendenin suggest the name 
l pf^^betheum , for it. 

The first positive proof of the existence of the 
chemical element 43, has been obtained through the 
atomi$ research by Parker, Reed and Ruch, who pro- 
posed the name ‘technetium 1 for it. Since 1846, 
r rnumeTous claims to have discovered the clement 43 
have been made ; in 1925, Noddack and Tacke re- 
ported«the finding of both elements 43 (masurium) 
and 7# (rhenium) which they said would be found 
tdfeethef in nature. Since their announcement, 
tjienium had become an object of considerable com- 
mercial importance. The claim, however, in respect 
.of masurium were not confirmed by production of 
weighable amounts. * 


Segre and co-workers (1930) attempted to isolate 
and characterise the element 43, and recognised some 
radioactive isotopes of the element 43 by bombarding 
the element 42 (molybdenum) with neutrons in the 
cyclotron. They also noted some of the chemical 
properties of the element 43 and proposed to call it, 
technetium. Two methods were available for its 
production, the first was the neutron bombardment 
of molybdenum, and the second chemical isolation 
of the new substance from the fission products of 
uranium. Boyd, and co-workers (1946) succeeded in 
isolating technetium by the first method in sms$* 
amount, sufficient to study several of its physical and 
chemical properties. Near about the same time 
Parker el al isolated several milligrams of it by the 
second method. Moreover, they had been able to 
produce samples with a chemical purity of 99 per 
cent. They had estimated the ^-energy and half-life, 
and investigated the absorption of visible light. 
(The Chemical Age, 59, 110, 1942). 

INDUSTRY AND UNIVERSITY RESEARCH 

Progressive industrialists in America recognise 
the potent value of the research facilities and the 
scientific personnel available in universities and 
technolpgical institutions in the development of in- 
dustry. Since 1929, when there were 95 research 
scholarships and fellowships supported by 56 com- 
panies, there has been a steady growth in industrial 
support of the university research. In 1944, 201 
companies awarded a total of 956 fellowships, scholar- 
ships and grants for research, and in 1946, 302 com- 
panies reported to the National Research Council, 
U. S. A., that they were supporting research out-* 
side their own laboratories by 1,800 fellowships, 
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scholarships and grants. Of late 300 educational in- 
stitutions are offering research services to industry. 
Obviously encouraged by financial success of certain 
of these organisations, more than 70 colleges, univer- 
sities, and technological institutions have set up such 
agencies for serving industries. 

A manufacturing concern gives financial assist- 
ance to university research for a number of reasons. 
Some of them are admittedly from selfish interest 
but more often from a desire to strengthen the educa- 
tional institutions as sources of trained man power. 
The industrial support of university research is of 
two types, distinguished by the aim of the research 
and the limitations and restrictions placed upon the 
investigators themselves and on the use of results. 

(i) Unrestricted gifts, grants-in-aid and graduate 
research fellowships given without expectation of any 
return to the sponsors but rather as contributions 
toward the general educational programme of the 
universities. 

(ii) The financing of specific projects of imme- 
diate interest and benefit to the sponsors, through in- 
dustrial fellowships and research contracts with limi- 
tations on the fields of study and restrictions on the 
control and use of the results of research. 

A support of the first type is usually given in 
recognition of the need for aiding the universities in 
their primary function of training men and advanc- 
ing knowledge. Many firms consider it an obligation 
on the part of industry to assist the universities in 
carrying on both their training and other research 
programme. At the 52iul Congress of the American 
Industry, Robert E. Wilson, Chairman of the Board 
of Standard Oil Co. .said, "Industry must recognise 
an increasing responsibility to support basic research 
in our universities. The need for more fundamental 
research and the desirability of fostering such re- 
search in the colleges and universities were well stated 
in a discussion of the future of industrial research. 
The university staffs are generally able to bring a 
much broader vision to bear on these fundamental 
problems. . . . Where fundamental problems are 
being prvsecuted in industrial laboratories they have 
a habit of being set to one side and forgotten when 
more urgent work develops. . . . Universities do not 
maintain the industrial tempo, nor are their staffs 
in the habit of, nor should they be asked to, work 
in the confidential capacity required for successful 
patent control." ( Chemical and Engineering News, 
26, 2042, 1948). 

WIDER USE OF RADIOISOTOPES 

A scheme has been drawn up by the U.S. Atomic 
Energy Commission which will facilitate the produc- 
tion and distribution of certain chemicals containing 
radioactive elements, for the purposes of research and 
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medical and industrial use. For the past two years 
research workers have been able to get radioisotopes 
from the Oak Ridge National Laboratory, Tennessee, 
but if they wished to use the materials in other 
than their original form they have had to synthesise 
or manufacture the compounds in small lots in their 
own laboratories. This proved to be an inconvenient 
and expensive method. 

In future, commercial firms will be encouraged 
to manufacture and sell specially selected compounds, 
each being labelled as such, and the radioactive mate- 
rials will be supplied by the A.E.C. Certain other 
compounds, for which commercial production faci- 
lities do not exist, will be produced in the com- 
mission’s laboratories for general distribution. The 
price to be charged for ‘ isotope-labelled * compounds, 
produced by commercial firms, will be fixed by firms 
themselves. At present, radioisotopes are sold 
through a special division of the A.E.C. at a price 
set to cover the costs of final fabrication. The .saving 
which could be effected by volume production is 
illustrated by the cost to a primary user of one milli- 
curie of ethyl iodide containing carbon 14. The 
synthesis of a ten-millicurie lot could be done at little 
more than the cost of one millicurie. 

One U.vS. commercial laboratory, Tracerlab, 
Inc., has set up in Boston an organisation equipped 
to provide a great variety of these radiochcmicals 
for industry and is already supplying to the per- 
mitted users, hospitals, universities and research 
groups, etc., compounds of radioactive carbon 14. 
However, as the production of radioisotopes increases 
the restriction will end, and several other under- 
takings are now being set up with special equip- 
ment to process "stock" radiochcmicals to special 
requirements. (The Chemical Ace, July 31, 1948)* 

INDIAN MICA 

The export of Mica blocks, films and splitting^ 
from India, the largest producer of this commodity 
in the world, to Europe and America, is threatened 
by recent developments of mica substitutes developed 
in Switzerland and U.S. A. 

According to Dr Lai C. Verman, Director, 
Indian Standards Institution, who recently returned 
from a visit to Europe and U.S.A., manufacturers of 
electrical machinery are now making use of silicone- 
bonded glass cloth in the place of mica in some of' 
their products. More important still is the fabrica- 
tion by a Swiss technologist of "Mica Powder Film",:' 
a composition made from cheap mica-powder. A 
factory is reported to be planned for producing 
"Mica Powder Film" on a large scale. When com- 
mercially available, this mica-sitbstitute, it is said, 
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can successfully compete with natural mica in the 
manufacture of electrical tape. 

Another serious development is that of synthetic 
mica, which is being experimented by U.S. Army and 
Navy. The process which requires only cheap raw 
materials has reached the stage of pilot plant experi- 
mentation. If success-fill this process will be capable 
of producing mica crystals of sufficiently large dimen- 
sions to compete with the natural product. 

American users of mica have complained that 
they are being forced to look for substitutes for mica 
largely because of the uncertainty of quality and the 
lack of uniformity of supplies of the mica imported 
from India. Manufacturers of electrical goods feel 
that export from India of mica of acceptable standards 
of quality and sizes would help to maintain the pre- 
sent large and persistent demand for this valuable 
mineral. 

The average annual export of mica from India is 
11,250 tons valued at Rs. 217 lakhs, most of which 
represents hard currency (U.S. dollars). 

The International Organisation for Standardisa- 
tion (ISO) has entrusted the Indian Standards 
Institution with the secretariat of an International 
Committee to develop internationally agreed standards 
on mica. This was accepted by the Committee on 
Mica Standards of the Indian Standards Institution 
that met at Calcutta in early September last under 
the Chairmanship of Mr Chandmull Rajgarhia. The 
Committee further drafted the scope of work for 
international standardization, which provides among 
other things, for evolving an agreed set of Standard 
Samples of mica, which could be supplied to all 
users in India and abroad. Mr V. P. Sondhi, 
Deputy Director, Geological Survey of India has 
been assigned the task of procuring full information 
regarding standard samples, from all countries pro- 
ducing or consuming mica. 

The Mica Advisory Board of the Government of 
India have since then recommended that no licences 
for the import of mica from Brazil or any other 
country should be issued. The Board further recom- 
mended investigation of the possibility of setting 
up a Mica Marketing Central Board. The Govern- 
ment of India have accepted these recommendations. 

It may be recalled that the Mica Enquiry Com- 
mittee of the Government of India in 1946 reported 
inter alia on the establishment of an Indian Central 
Mica Committee and put stress on researches in mica. 
(See Scirnce and Culture, 12, 88, 1946). But we 
are not as yet aware of the steps the Government 
of India proposes to take on these recommendations. 
Unless this is done early, the fate of Bihar mica may 
be similar to the fate of indigo in Bihar. 


PROBLEMS OF THE MINERAL INDUSTRIES OF INDIA 

The twenty fourth Annual General Meeting of 
the Geological, Mining and Metallurgical Society of 
India was held on September 10 last in the Rotary 
Hall, Great Eastern Hotel, Calcutta. Dr S. K. Roy 
President of the Society presided and His Excellency 
Dr K. N. Katju, Governor of West Bengal was the 
Chief Guest on the occasion. 

In his presidential address, Dr Roy made a survey 
of the problems confronting India relating to coal 
and coal reserves, petroleum, Zinc-Lead-Silver ore 
deposits, Diamond, Gold, Sulphur, Salt and Mica 
deposits and mineral industry education and research. 
He referred to India’s glorious past when our people 
built the marvellous temples of Madura and Kanarak, 
cast the giant pillar of rustless steel of Delhi, drove 
absolutely vertical shafts 600 feet deep in the very 
hard rock.s of Haity to mine gold, and dug immense 
quarries sometimes 1500 feet long by 250 feet wide 
and 250 feet deep in the hard quartz rocks of Jawar, 
(Mcwar) to mine Silver, Lead and Zinc. Unfortu- 
nately, during the last two hundred years of British 
rule India’s mineral industries 'have not progressed 
to the advantage of India’s national interests. 
Speaking on the coal problems Dr Roy said that the 
Raniganj and Jharia coalfields have been geologically 
surveyed at least three times yet the last word on the 
geological aspects of these coal fields have not been 
said. There are coal seams that have not yet been 
mapped. 

Continuing Dr Roy stated that there exists good 
possibility of finding petroleum in the Indo-Gangetic 
plain and he urged the geologists with the aid of geo- 
physicists to explore the oil resources of the country. 
He suggested to the Government for appointing a 
qualified petroleum geologist and control of oil fields 
in India by Supervisors’ like those in U.S. A. 'There 
is no reason* lie said 'why the oil companies should 
not place all their data at the disposal of the 
Government*. 

According to Dr Roy, there are still many 
millions of tons of lead and zinc ore containing silver 
available in Jawar, Rajputana as well as other 
economic minerals like diamond, gold etc. Conclud- 
ing he stressed the need of an absolutely first class 
laboratory where all minerals and rocks could be 
accurately analyzed. In this laboratory mining and 
metallurgical problems should be investigated and 
solved and all market reports of metals and minerals, 
including their market specifications and prices as 
well as freight to different markets should be avail- 
able free of cost or at a nominal cost. In U.S.A. a 
sample of gold quartz can be assayed for a Dollar 
which is equal to Rs. 3/3/- ; for the same work the 
Government rate at Alipur Test House at*d in the 
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Indian School of Mines where alone fairly reliable 
analysis is possible, the rate is Rs. 72/-. 

Addressing the meeting, Dr Katju said as the 
Minister of Industries in the U. P. for several years 
between 1937 and 1947, he was very much exercised 
about the industrial development and read a great 
deal of literature about the Geological Survey of 
India. lie was then mainly concerned with the natural 
resources of the U. P. and it struck him then that 
the surveys made were rather superficial and certainly 
not very deep and much work remained to be done. 

Referring to the usefulness of the generation of 
power in India, Ilis Excellency said “In modern days 
in electric energy lies the secret of all success and 
we shall have millions of kilowatts of these energy 
throughout the country when the river valleys pro- 
jects are completed.” 

“The coming years may well be called the era 
of great river valleys projects. Construction on the 
Mahanadi project at Hirakud near Sambalpur is in 
progress. The preliminaries connected with the 
Damodar Valley project have been finalized and I am 
hoping that the coming winter will see the com- 
mencement in right earnest of construction of the 
first dam. Then you have the great Godavari pro- 
ject and many others of similar description.” 

Speaking on the subject of nationalization of key 
industries Dr Katju opined “With this question you, 
as geologist, are not directly concerned. Your func- 
tion to give us the clue to our big deposits. By 
what agency and under whose control this wealtli is 
to be won that is a different matter. Opinion now 
seems to be fairly unanimous that in the modern con- 
text, all key industries must be under national control 
and so the Government of India have declared”. 

“I am sure in this vast country all kinds of 
mineral deposits will be found in one part or another. 
The necessity is for a systematic and extensive survey. 
The Government of India have embarked upon it, 
though I fear that for want of qualified personnel 
the progress may not be rapid. This deficiency has 
to be made good.”* The role of geologists in the 
new set up of things should be to discover for us our 
buried treasures and help winning the war against 
poverty and disease. 

The* following were duly elected officer-bearers 
of the Society for the year 1948-49 : President — Dr M. 
S. Krishnan, New Delhi ; Honorary Secretaries — 
Profs. N. N. Chatterjee, Calcutta and N. E. Sharma, 
Dhanbad. 

TIDE-GAUGE OBSERVATORIES IN INDIA 

The desirability of having more permanent tide- 
gauge observatories in India is emphasised in a note 
prepared by the President, Survey Research Institute, 
Survey of Ifldia, Dehra Dun. At present there are 


only two such observatories in India, one at Bombay 
and the other at Kidderpore, which are utilised to 
test the accuracy of tidal predictions. 

Geological and archaeological evidence has shown 
that vertical movements of land and sea have been 
taking place since times immemorial. The exact 
amount is often a matter of rough guess and the only 
sure way of arriving at numerical results regarding 
relative encroachments of land and sea is to establish 
permanent tide-gauges at several stations all along 
the coast. 

The relative change of level between land and 
sea can be due to movement of either or both. Such 
changes take place in thousands of years. Geologists 
have their own methods of detecting whether a rela- 
tive change has taken place from such clues as the 
marks left by the shifting water or by the shape of 
the coast line, although such detection is not always 
easy on account of the complexity of the movement. 
Thus there is abundant geological evidence of a 
former land connection between Malaya and the 
islands of Sumatra, Java and Borneo. The Geologists 
believe that the intervening land has been submerged 
due to the rise in sea level during the last 200 
centuries. Assam and Burma, for example, are still 
believed to be regions of subsidence. It is due to this 
cause that various large cities in ancient India owe 
their disappearance. Although grave concern for the 
same reason has been expressed about the stability 
of Calcutta, tidal observations and precise levelling 
show that there is no evidence of any general sub- 
sidence in the Calcutta region during the last half a 
century. The whole problem however requires fur- 
ther study and detailed planning for the future. 

Apart from their use of predicting tides the re- 
cords of permanent tide-gauge observatories can be 
utilised as follows: (1) A number of tidal observa- 
tories suitably chosen and fairly well distributed 
along the coastline of a country enable the mean sea 
level to be determined reliably from observations 
extending over a number of years. (2) They provide 
data for deciphering vertical movements of the land 
and for correlating the variations in the mean sea 
level in terms of barometric conditions. (3) They 
provide data for study of the deviation of mean sea 
level at various ports. 

It is stated that with the vast coastline of India, 
Pakistan, Burma and Siam covering 6,500 miles from 
Karachi to Koh Hlak, encompassing as it does un- 
stable regions of considerable interest to geologists 
and geodesists, to have only 3 observatories at 
Karachi, Bombay and Kidderpore is thoroughly un- 
satisfactory. There is urgent need for sound planning 
in India for the starting of permanent tide-gauge 
observatories all along its coast to provide material 
for continual and progressive research. 
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WATERWAYS IN THE FOURTH FIVE-YEAR PLAN 
OF SOVIET RUSSIA 

The basic principles on which the planning of 
waterways in the .Soviet Union during the years 
1946*50 is founded may be summarised as follows : — 
(1) Complete exploitation of water resources in the 
whole basin with a view to creating water power, 
organising navigation," intensifying agriculture, re- 
gulating the run off, providing protection against 
flood and guaranteeing water supply. (2) Concentra- 
tion of slow descents into single large falls in order 
to draw the maximum profit from all sources of 
energy and make water transport more efficient. 

(3) Modernised construction of dams and locks. 

(4) Mechanisation of works. (5) Wide-scale introduc- 
tion of the essential principles of architecture into 
water engineering. 

The fourth successive five-year plan in the 
U.S.S.R. embraces a number of important projects 
for the development of water ways. In comparison 
with the state of navigable waterways in 1940, the 
plan envisages a general increase of 7500 kilometres 
in the length of these waterways. The five-year 
programme embraces not only the reconstruction of 
waterways destroyed in the war, but also the con- 
struction of new artificial courses as well as the re- 
organisation of existing systems which no longer 
satisfy the growing economic needs of the country. 
Of the larger works the following are already com- 
pleted : (1) Reconstruction of the Swir locks. (2) Re- 
construction of the Dnieper-Bug system. (3) Recon- 
struction of damaged installations on the northern 
Don and the White Sea Canal. In 1946 the recon- 
struction of the Renin lock near the hydro-electric 
station at Zaporoje was completed. The following 
important new tasks are envisaged. (1) Total recon- 
struction of the canalisation system of the River 
Moskva. (2) The reconstruction and completion of 
the Manych waterways, which joins the sea of Azov 
and the Caspian Sea through the intermediary of the 
Don. (3) The first steps in the reconstruction of the 
Volga — Baltic waterways (the Maryok system). 

The five-year plan will also see completed the 
first stage in file construction of the huge hydro- 
electric station on the* River Kama in the Molotov 
region, and similar centres will be begun on the River 
Volga in the Gorki region, on the River Oka in the 
Kaluga region and on the River Kud in the Boz- 
dag hills in Azerbeijan. (Water and Water Engineer- 
ing, August, 1948). 

VACCINE FOR BUBONIC PLAGUE 

Anti bubonic plague vaccine, prepared from 
living virulent germs which do not produce any 
plague symptoms when injected into a man, yet pro- 
duce immunity from attack by the virulent lethal 


strains of the germ, has been produced at the South 
African Institute for Medical Research. Colonel 
Culver, the Director of the Institute, said that anti- 
plague vaccines had in the past been prepared from 
killed germs. Such vaccines, however, had only 
relatively poor immunizing powers. The objection to 
the new vaccine, prepared from the living virulent 
germs, is its poor keeping quality. (Chemical and 
Engineering News, 26, 2008, 1948). 

MEDICAL RESEARCH IN INDIA 

The Annual Report of the Scientific Advisory 
Board for the year 1947, issued by the Governing 
Body of the Indian Research Fund Association, re- 
veals that the bulk of the research work has been, 
in connection with those diseases, such as malaria, 
cholera, leprosy, malnutrition, plague, etc., which 
are responsible for high rates of mortality and sick- 
ness in India. 

Malaria . — Trials to ascertain the comparative 
efficacy of various preparations of D.D.T. as indoor 
residual sprays against adult mosquitoes were carried 
out by the Malaria Institute of India, Delhi, in seven 
villages in the Delhi rural area. 

It has been shown that for indoor residual 
spraying, a stirrup pump fitted with a suitable nozzle 
is simpler and better than other types of spraying 
equipment. The work is being continued. 

Cholera . — Field trials in Bengal and Bihar to 
test the action of sulphaguanidine in the treatment 
of cholera were conducted under the direction of the 
Director, School of Tropical Medicine, Calcutta. 
The striking feature observed in the treatment of 
cholera with this drug was that it acts best during 
the early stages of the disease. 

Therapeutic trials in the treatment of cholera 
with sulphaguanidine, sulphadiazine and phthalyl- 
sulphathiazole were also conducted in Calcutta under 
hospital conditions. The results indicate that of 
these three drugs, sulphaguanidine is the most effec- 
tive. 

Leprosy . — Three new drugs of the sulphone 
group, promin, diasone and sulphetrone, were tried 
out in the treatment of leprosy by the leprosy re- 
search workers at the School of Tropical Medicine, 
Calcutta, with very encouraging results. Although 
these drugs have certain limitations, they have 
proved particularly valuable in the treatment of those 
cases of leprosy which cannot tolerate injections of 
hydnocarpus oil. 

Nutrition . — Research work on nutrition is being 
conducted by the Association in a number of centres 
all over India. Experiments to determine the com- 
parative rate of growth of rats when feet on a diet 
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containing ghee, purified groundnut oil and vanaspati 
respectively were started in 1947 and are being 
continued at the Nutrition Research Laboratories, 
Coonoor. The Nutrition Museum of the Laboratories 
continued to attract a large number of visitors. 

Experiments to determine the nutritive value of 
soya-bean milk and soya-bean curd have been con- 
ducted at the Indian Institute of Science, Bangalore. 
These, as now prepared, are both palatable and nutri- 
tious and the experimental feeding trials now under 
way in Bangalore indicate that soya-bean milk and 
its products can provide a cheap nutritious substitute 
for cow’s milk. 

Plague . — Field trials to determine the curative 
value of sulphadiazine and sulphamerazine in the 
treatment of bubonic plague were conducted under 
the direction of the Director, Ilaffkine Institute, 
Bombay, with good results. Sulphamerazine appears 
to be the drug of choice as it gives the desired con- 
centration in the blood with smaller doses admini- 
stered at less frequent intervals. 

The curative value of the new wonder drug 
streptomycin was tried out in experimental plague 
infection in animals. The resuKs obtained were 
striking and the use of streptomycin is now being 
tried out in the treatment of bubonic plague in human 
cases. The results reported are very encouraging. 

Clinical Research . — Experiments designed to 
produce lathyristn in laboratory animals have been 
carried out at the Nutrition Research Laboratories, 
Coonoor, with partial success. The real cause of this 
crippling disease which is associated with excessive 
consumption of Khcsari Dal ( Lathy rus Saliva) is not 
yet known. 

Research on certain aspects of infantile hepatic 
cirrhosis has been conducted at the Indian Institute 
of Science, Bangalore, and the Sri Krislinarajendra 
Hospital, Mysore. The work done so far suggests 
that choline chloride supplemented with a pepsin 
proteolysed extract of the liver and spleen is effective 
in the treatment of the disease. Further clinical 
trials are in progress. 

Maternity and Child Welfare. — Based on the 
report of the enquiry on the bearing of premature 
and immature births on infant mortality in Bombay, 
a sub-committee has been appointed to draw up a 
memorandum on the conduct of enquiries into the 
important health problem of infant mortality, 

ANNOUNCEMENTS 

Dr M. S, Krishnan, Superintending Geologist, 
Geological Survey of India, has been appointed 
Director, Bureau of Mines, New Delhi under the 


Ministry of Works, Mines and Power, Government 
of India. 

Sir Lewis L. Fermor, a former Director of the 
Geological Survey of India and founder -President, 
National Institute of Sciences of India has been 
elected Correspondent Etranger of the Society 
Gdologique de France. 

Sri S. K. Bose has been admitted to the degree 
of Doctor of Philosophy in Mathematics of the 
Lucknow 7 University on his thesis “A New Trans- 
form, which is a generalisation of the well-known 
Laplace Transform” . The thesis was adjudicated by 
a Board of Examiners consisting of Sir E. T. 
Whitttaker, F.R.S., and Prof. E. C. Titchmarsh, 
F.R.S. 

Sri P. C. Bandyopadhaya, Assistant Secretary, 
Indian Chemical Society, is appointed first Secretary, 
UNESCO Science Co-operation Service for S. E. 
Asia at Delhi. Sri Bandyopadhaya w r as connected 
with this journal as Assistant Secretary, Indian 
Science News Association from 1937-1940. Dr 
Alexander Wolsky, Professor of Zoology, University 
of Budapest, is the Principal Scientific Officer of 
Science Co-operation Service and he came to India 
in April last. (See Science and Culture, March, 
1948, p. 385). 

The following are elected as office-bearers of the 
Aeronautical Society of India: President — Sri N. C. 
Ghosh, Director-General of Civil Aviation, Vice- 
President — Dr V. N. Ghatage, Honorary Treasurer — 
Sri S. C. Sen and Honorary Secretary — Dr P. Nil- 
kanthan. The Society was inaugurated at Air Tran- 
sport Licensing Board Hall, New 7 Delhi, on July 31 
last with the object of promoting the advancement 
and diffusion of knowledge of the Aeronautical 
Sciences and Aircraft Engineering and the elevation 
of the Aeronautical professions. 

A half-yearly list of Botanical papers printed in 
India, Pakistan, Burma, Ceylon Siam, Malaya and 
Indonesia will be published by the Botanical Society 
of Bengal in the Society’s Bulletin issued in April 
and October every year. Authors are requested to 
kindly send their reprints to the Honorary Secretary, 
Botanical Society of Bengal, 35, Ballygiuige Circular 
Road, Calcutta 19, to facilitate this compilation work. 

We are informed that the Calcutta Chemical Co. 
Ltd., through their managing Agent, Mr B. Maitra, 
has made a donation of Rs. 2,500/- to the Indian 
Association for the Cultivation of Science and has 
thereby earned the claim of being a Life-member of 
the Association according to the Regulations of that 
body. We congratulate the authorities of the Calcutta 
Chemical Co. Ltd. for this contribution to the cause 
of Science. 
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Dynamics By S. L. Green, M.Sc. (Loud.), Univer- 
sity Tutorial Press Ltd., Clifton House, Euston 
Road, N.W. 1, London. Published 1948. 
Price 10s. 6 d. 

The book provides a course on dynamics of a 
particle and of a rigid body. The author has not 
discussed the three-dimensional motions altogether 
probably on the ground that these will form a much 
higher course meant for the post-graduate. The book 
in its present fonn will be of good service to students 
taking Honours in Indian Universities also, besides 
> being useful to students reading for the General 
Degree in Arts or Science of the University of London, 
or for a Degree in Engineering. The vector methods 
used by the author is a feature not very often found 
in other books ol similar standard. Most of the 
exercises ale taken from London University examina- 
tions. The worked out examples are exhaustive and 
will be very useful to those for whom the book is 
intended. The stock of examples is also well chosen. 
We recommend this book for 13. A. & 13.Se. Hons, 
students of Indian Universities. 

K. M. II. 


The Perennial Philosophy Aldons Huxley : Chatto 
and Windus, 1944. Price 12 s. 6d. 

Spiritual knowledge in different degrees of attain- 
ment has been revealed to the seekers after truth 
in all climes and countries. The essential character 
of the perception, however, remains just the same 
everywhere. This anthology of the Perennial Philo- 
sophy wherein extract from the writings of the seers 
-not the professional philosophers — in profuse 
numbers have been threaded into 27 chapters under 
diverse heads is a helpful testimony of this ‘same- 
ness’ . 

The devout contemplatives of India, the sufis of 
Islam, the Catholic mystics and the Protestants and 
Quakers have all in their own characteristic ways 
harped on the same string that savours ‘otherworldli- 
ness’ in us. This sustaining factor in life can be 
argued out but not exactly dispensed with from our 
lives, persisting in varied garbs in different countries 
and contexts. Huxley’s has been an unique service 
in introducing such an absorbing topic in so simple 
a manner that holds our interest all through. To those 
interested in this field the book will be a refreshing 
study. 

K. B. 


From Volga to Ganga-By Rahula Sankrityana, 

People’s Publishing House, Bombay, 1947. 

Price Rs. 4/8. 

This is a bold attempt to trace the evolution of 
Human society through the ages. The account is 
confined to the Indo-Aryans who lived in Central 
Eurasia, on the bank of the Volga and subsequently 
migrated to India through Iran and Afghanistan. 
The book opens with a scene dated 6000 13. C. when 
mankind used to live in caves. Subsequent appear- 
ance of gradually nucleated higher orders of living 
with complexities in human relationships has been 
traced in the course of nineteen chapters finally 
ending with an account of India in 1922 A. I). The 
author claims to have presented an authentic account 
of society at each stage basing his conceptions on 
varied original sources- -particularly ‘various langu- 
ages and their comparative philology ; records 
deduciblc from or based on clay, stone, copper, 
bronze, iron ; unwritten songs, tales, customs, magic 
rites.’ The very fact that the book has gone through 
a second edition testifies to the popularity of the 
publication. To the reviewer however the inferences 
in some of the chapters claimed to be objective studies 
have appeared subjective. But this is only a matter 
of opinion and can be overlooked. The book is 
really one of the most fascinating attempts to inter- 
pret history and can be commended to the readers. 

K . B. 


High Vacua, Principles, Practice and Measurement 

— By Swaini Jnanananda, pp. 310. D. Van 
Nostrand Company Inc. New York. Price 
$5.50. Macmillan & Company Ltd., London 
XL 10-0 (1947). 

As is stated in the Fore ward, the book 1 ‘supplies 
a renal need for collected and organized information 
on the technique of the production of high vacua”. 
The technique of high vacua have seen rapid deve- 
lopments during the last two decades, though its 
beginning dates back to more than a century. 
Recently this subject has assumed a great importance 
(in their application) in the industrial field — such as 
in the production of penicillin, magnesium, photo- 
cells, radio valves, — in the dehydration of food pro- 
ducts, in the high vacuum distillation and separation 
of organic substances. The developments of cyclo- 
tron, electron microscope etc. are possible only be- 
cause of our knowledge of high vacuum. But inspite 
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of the immense and growing importance of this branch 
of physical science, the books on this subject are far 
from numerous. Apart from the standard works by 
Dushman, Kaye, Newman, Dunoyer and others, we 
have to depend for our knowledge on the various 
information that are published in different journals 
from time to time. In this respect the book has done 
a great service in collecting these scattered knowledge 
in a single volume and thereby giving us a very up- 
to-date information on this subject. 

This book is divided into six -chapters each of 
which is again subdivided into a number of sections. 
Chapter I. — It opens with a nice elementary treat- 
ment of the kinetic theory of gases so far as it is 
needed to the understanding of the theory and prac- 
tice of high vacuum. Fundamental laws of gases, tran- 
sport and free path phenomena, free molecular be- 
haviour of gases etc. are discussed in it. Chapter U — 

It contains well-illustrated concise description of 
various vacuum pumps. These are very appropriately 
divided into several groups — i.e. Piston pumps, mole- 
cular pumps, and diffusion pumps. These are all 
arranged according to their historical developments. 
The treatment of the diffusion pumps is very illumi- 
nating specially as it covers the latest developments 
in this direction. The various modifications that are 
made from time to time are mentioned. The table 
containing the performances of the various pumps 
should have been a little more exhaustive. The in- 
formation regarding various kinds of oil for diffusion 
pumps should profitably be more detailed. 
Chapter III— The measurement of high vacuum is as 
important as its production and this chapter very ably 
describes the different kinds of gauges that are now 
used extensively. The vacuum measurement by Ioni- 
sation guage, Pirani gauge, Radiometer gauges, are 
covered thoroughly. The descriptions are quite ad- 
equate and to the point. The modifications and im- 
provements to push the upper limit of measuring 
the vacuum are described and defects and discre- 
pancies arising out of the use of different gauges are 
pointed out. Chapter IV— It deals with the vacuum 
technique. The author calls our attention to the 
requisites and vigorous conditions that must be 
observed towards attainment of high vacuum. The 
different types of vacuum valves and traps are des- 
cribed and the information is quite up-to-date. 
Chapter V— In it there is good section on “Degassing”. 
The different theories of adsorbed and occluded gas 
are discussed and the methods of their elimination 
are pointed out. Chapter VI— The last chapter is on 
“gettering” attainment of very high vacua by physi- 
cal-chemical methods. 

Xhe book is well provided with numerous re- 
ferences which will be very helpful to the students 
as weU#s to the workers in the field. There are a 


few printing errors which are of course very likely in 
the first edition. The price of the book appears to be 
a bit high. 

S. K. M. 


Fibres other than Cotton and Jute — By J- K. Sircar. 
Miscellaneous Bulletin No 66, The Indian Coun- 
cil of Agricultural Research. Pp. ii + 59. Pub- 
lished by the Manager of Publications, Delhi, 
1948. Price annas fourteen or l.v. 3d. 

At a time when India has been given the free- 
dom to mould her own destiny and when the people 
thereof are contemplating to become self sufficient 
by utilising her raw materials, this pamphlet seems 
to be a helpful guide in exploiting the fibre resources 
of the country to meet her present needs. 

The pamphlet mentions the existence of about 
300 fibre-plants till over India (undivided) and the 
possibilities for exploitation of these 1 fibres (other 
than cotton and jute) have been discussed. Fibres 
under discussion have been* classified as Hard fibres, 
Soft fibres, Textile fibres, Brush fibres, Grass fibres, 
Minor forest fibres and Floss fibres. 

Though the general information, mainly from 
the agricultural point of view, are available in 
standard book* on textile fibres, yet it presents a 
good collection of information regarding those fibres 
for ready reference. From the technological point 
of view it is not rich enough. An attempt lias how- 
ever, been made to discuss the fibres with special 
reference to the following points : Species available, 
provinces where grown, area under cultivation, uses, 
export-import trade, and work done in India. The 
minor fibres such as, mauritius hemp, manila hemp, 
banana fibre, pineapple fibre, fibres of Sidasp, Mala - 
chra capiiata , Calotropis gigantca , Vrena lobata etc., 
have not been treated in details, perhaps due to lack 
of more detailed authoritative reports. 

It is indeed gratifying to note that the authors* 
experiences extending for three decades are now 
made available to all who are interested in India's 
fibre industry. 

In 1944, the Government of India requested the 
author to collect and collate all available information 
on the Indian fibres (other than jute and cotton) with 
a view to explore the possibilities of their develop- 
ment. The memorandum thus indicates the results 
so far achieved and how this could be put into 
practice ; it further indicates the experimental work 
that is essential for developing the fibre resources of 
the country. 

Now that the Indian TInion is deprived of the 
major percentage of jute and a good percentage of 
cotton too, it is hoped that the Government of India 
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would take suitable steps to develop the fibres, 
having sufficient possibilities. 

In this connection, the reviewers would draw 
the attention, to the immediate necessity for the 
establishment of a National Fibre Research Institute , 
as stressed in this Journal (see Science and Culture, 
13, 79, September, 1947) and also a Fibre Develop- 
ment Board as suggested by S. K. G. (See Jour : 
Science Club, 2, 1948). 


There is a list of 71 references to works already 
published on Indian fibres and also 9 appendices 
indicating acreage and cost of production, export- 
import trade, etc. 

S. K. G. 
and 

A. K, G. 


LETTERS TO THE EDITOR 

[The Editors are not responsible fo ? the views expressed in the letters.] 


CORRECT NAME OF HERPESTIS MONNIER1A H.B.K. 

The widespread tropical weed commonly known 
as Hcrpestis monnieria H.B.K., has had a rather 
complicated history. In India it is called Adha-birni 
and sometimes Bramhi. It is wellknown that Bramhi 
is used in indigenous medicine in India for making 
nerve-stimulants. The identity of Bramhi appears 
to be_ obscure. In the plains of India people prefer 
to call this plant (Herpestis monnieria H.B.K.) as 
Bramhi . This claim is partly supported by the fact 
that as early as 1785, this plant from India was 
described by Lamarck as Bramia indica ■*. The 
generic name Bramia was latinised from Brami des- 
cribed earlier by Adanson in 1763. But, in the hills 
of India, Bramhi is known by an altogether different 
plant, i.e., Hydrocot yle sibthorpioides Lam. (syn. 
Hydrocotylc rotundifolia Roxb.). The identity of 
the true Bramhi could only be settled in consultation 
with a number of Kavirajas or Vaids from different 
parts of India. 

Coming back to the name of Herpestis monnieria , 
it must be noted that there are several earlier names 
and the correct name will depend on the taxonomical 
interpretation of the plant as well as on the applica- 
tion of the rules of nomenclature. The earliest name 
of this plant is Lysimachia monnieri Linn, and 
Gratiola monnieri Linn. B. Jussieu and P. Browne 
proposed the generic name Moniera in 1756 and 
Michaux described this plant as Monniera cuneifolia 
Michx (changing the spelling from Moniera to 
Monniera). A few years earlier Loureiro quite 


* Apparently the name Bramia indica signifies that the 
plant is a native of India. For widely distributed pan- 
tropical weeds such a view is unfortunately not possible. 
Similarly, Plumbago zeylanlca Linn, should not be regarded 
(even though the name implies) as a native of Ceylon. 


independently described this plant as Sepias repens 
Lour., under a newly created genus Septus Lour. It 
was soon realized that Monniera could easily be con- 
fused with an earlier genus of Rutaceac called 
Monnieria Linn. The case for Scptas was even 
worse. At the time of its description, the generic 
name was already in existence for a genus of 
Crassulaceac. It was therefore necessary to overcome 
these difficulties and confusions. Some authors 
therefore preferred to use the later generic name 
Herpestis Gaertn. f., to avoid confusion between 
Monniera of Scrophulariaceac and Monnieria of 
Rutaceac , and Mcisner proposed the new name 
Heptas for Sepias of Loureiro. Gamble, in his Flora 
of Madras 952 (1923) used the name Moniera, 
although this generic name has been rejected in 
favour of Bacopa Aublet (see International Rules of 
Botanical Nomenclature 107, 1935). So it will be 
realised that the name of this plant moved from one 
genus to another for a long time. 

We are indebted to Pennell for the clarification 
of this involved nomenclature. In 1920, he almost 
settled the name as belonging to the genus Bramia 
calling this plant as Bramia monnieri (Linn.) Pennell. 
But in a recent paper published in 1946, Pennell, on 
a reconsideration of the case changed his own earlier 
decision. I have read Pennell's recent paper with 
great interest and I am convinced that he is justified 
in changing his earlier views. This was necessary 
on a natural and phylogenetic consideration of the 
case, and we have now an * ‘aggregate" under the 
name Bacopa. In this, he has repeated a similar 
decision made earlier by dissolving such genera as 
Vandellia, Bonnaya, Illysanthes to a newly reconsti- 
tuted genus Linder nia. Although his decision on 
Lindemia was indeed unique and at first appeared to 
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be somewhat revolutionary, the conception of the 
"Baco^a-aggregate*’ was however not new. This 
was the view taken by Wettstein as early as 1891, 
and Pennell in most parts accepted Wettstein’s 
opinion with some modifications. The most signi- 
ficant change in Wettstein’s treatment of Bacopa , is 
the exclusion of Mecardonia and inclusion of such 
genera as Naidothrix and Silvinula. Our plant 
should therefore be called Bacopa monnieri (Linn.) 
Pennell. The synonymy appears to be as follows : 

Bacopa monnieri (Linn.) Pennell in Proc. Acad. 
Nat . 5c. Phila. 98, 94 (1946). 

J^ysimachia monnieri Linn. Cent. PI. 2, 9 (1756). 

Gratiola monnieri Linn. Syst. Nat. ed., 10, 851 
(1759). 

Gratia] a monnieria Linn. Amocn. Acad. 4, 306 
(1759). 

Bramia indica Lam. Encycl. 1, 459 (1785). 

Scptas repens Lour. FI. Cochinch. 392 (1790). 

Monnicra cuneifolia Michaux, FI. Bor. Am. 2, 
22 (1803) ; Gamble PI. Mad. 952 (1923). 

Monnicra brownci Pers. syn. 2, 166 (1807). 

Herpcstis monnieria H.B.K. Nov. Gen. Sp. 2, 
366 (1818) ; Hook. f. FI. Br. Ind. 4, 272 
(1884) ; Prain, Beng. PI. 765 (1903) ; Haines, 
Bot. Bihar Orissa 622 (1922) ; Kashyap, 
Lahore Dist. FI. 186 (1936). 

Herpestcs monnieria Kunth, Syn. PI. 2, 125 

(1823) ; Dalz. et Gibs. Bomb. FI. 178 (1861). 

Lcpidagathis repens Spreng. Syst. 2, 827 (1825). 

liabershamia cunncijolia Raf. Neogenyton 2 
(1825). 

Heptas repens (Lour.) Meisn. PI. Vase. Gen. 
Comm. 202 (1840). 

Anisocalyx limnanthiflorus Hance ex Walp. 
Ann. Bot. Syst. 3, 195 (1853). 

Bacopa monnicra (Linn.) Wettst. in Engl. 
Pflanzenfam. 4, 3B. 77, (1891). 

Bramia monnicia Drake, FI. Polyn. Franc. 142 
(1893). 

Bramia monnieri (Linn.) Pennell in Proc. Acad 
Nat. Sc. Phila. 71, 243 (1920). 

In Hooker’s Flora of India 4, 272 (1884) and 
Prain ’s Bengal Plants 765 (1903), three more species 
are recorded under Herpeslis. Correct name of 
these species are as follows : — 

Herpestic c h amae dry o ides H.B.K. -Mecardinia 
dianthera ( Swartz ) Pennell. 

Herpeslis floribunda R. Br. = Bacopa floribunda 
( R . Br.) Wettst. 

Herpestis Hamiltonian a Benth, —Bacopa hamil- 
toniana (Benth.) Wettst. 

In the preparation of this note I have received 

valuable -help from Pennell’s recent paper. It is not 
M \ 


pretended therefore to be an original note, but, it is 
prepared in the hope that it will be found useful to 
many botanical workers in India. 

D. Chatterjkk 

C/o. The Royal Botanic Gardens, 

Kew, England, 15-4-1948. 


POLYESTERIFICATION OF HYDROXY ACIDS PART ll : 

9 : 1 0-DIHYDROXY STEARIC ACID 

In the previous part 1 the results of tlic poly- 
esterification of 12-hydroxy stearic acid have been re- 
ported. In the present part attention has been paid 
to 9 : 10-dihydroxy stearic acid, a hydroxy acid con- 
taining two secondary hydroxyl groups at the adja- 
cent positions. 

From table I it will be evident that with the 
reaction continuing under isothermal conditions, the 
variations in acid and ester values were exactly similar 
to the one with 12-hydroxy stearic acid. The activa- 
tion energy for the reaction was 22*9 K-cal, and was 
comparable with the previous one. The uncatalyzed 
reaction was third order while the catalyzed one 
followed a second order course. The rate of reaction 
however was much faster as the number of effective 
collisions greatly increased consequent on the in- 
crease in the number of hydroxyl groups. 


TABLE I 


hrs.) 

I80°C. 

200°C. 

220°C. 








.\.v. 

E.V. 

A.V. 

E.V. 

A.V. 

E.V. 



% 


% i 


% 

'A 

149-9 

15-1 

127-1 

28 

98-3 

44 

% 



111-6 

37 

84-6 

52 

i 

174-4 

28-9 

97 1 

45 

660 

62 


... 


91*6 

4$ 




108-9 

38-3 

83*7 

52 

51*7 

70 

W 


. . . 

i 76-7 

! 56 

48-1 1 

72 

2 


. . .. 

j 68*9 

i 61 



2K 

87-3 

51 -6 





3 

76 5 

57-7 

1 

1 





However, there are certain fundamental and 
characteristic differences between the polyesterifica- 
tion of dihydroxy acid and monohydroxy acid. In 
the case of monohydroxy acid the reaction product was 
solid all through. With dihydroxy acid the product 
was at first opaque, waxy solid, then it became resin- 
ous solid, then soft resinous semiliquid mass and 

\ 
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finally clear, transparent, Insoluble and infusible solid. 
The mono acid never became insoluble and infusible, 
however long they might be heated either alone or 
with catalyst. This fact may be easily understood 
from the Carothers 2 functionality concept. Mono- 
hydroxy acid is a bifunctional compound, so the re- 
action can lead to products with straight chain struc- 
ture only, which are generally soluble and fusible. 
The dihydroxy acid on the other hand is trifunctional 
and if both the OH groups enter into reaction they 
will ultimately lead to three dimensional structures 
which are insoluble and infusible. There are two 
possibilities by which the three dimensional structure 
may develop. Either the molecule at first may give 
long chains by esterification and finally cross linkings 
may be established between the chains through un- 
reacted OH groups by ether formation ; or the re- 
action may be an esterification one all through, giving 
extensively branched compounds having closely en- 
tangled and high molecular structure. The insoluble 
product could be smoothly hydrolyzed to the original 
dihydroxy acid by alcoholic potash and the yield was 
97-98 per cent. This at once discards the ether for- 
mation hypothesis since the ether linkages are not 
broken down by alcoholic potash. Further, Caro- 
thers’ 2 functionality concept states that if insolubility 
be due to ether formation between the chains the re- 
action should stop at 50 per cent stage measured by 
acid value method. On the contrary the reaction 
could be carried to 96-97 per cent before the substance 
became insoluble. This is also an additional proof 
of the validity of eur second assumption. 

My thanks are due to Dr P. K. Bose, D.Sc., 
F.N.I., Director, Indian Eac Research Institute, 
Namkmn, Ranchi, for his keen interest in the present 
work. 

Sadhan Basu 

Indian Eac Research Institute, 

Namkum, Ranchi 17-6-1948. 

1 Basu, S., Science and Culture, 14 , 120. 1948. 

3 Carothers, Trans, Farad. Soc 32, 39-49, 1936. 


TAPIOCA AS A SOLUTION OF THE FOOD PROBLEM 

I have followed with keen interest the notes by 
Mathews 1 and Mukherjee 2 on Tapioca as a solution 
of food problem, and have also seen the note of Roy. 3 
I had been myself investigating, for some time past, 
on the yield of Cassava roots and outturn of Tapioca 


food in the Agricultural farm at Subirnagar in 
Rangpur Dt. I am also one of those who think that 
cultivation of Cassava and manufacture of tapioca 
food has not been given the consideration and atten- 
tion it deserves. 

The cultivation of Cassava is simply described as 
follows. The land should be well ploughed and the 
soil made soft, as this would increase yield. Cuttings 
of mature Cassava plants— -6 inches long with a 
number of nodes — should then be planted in the soil 
three or four inches deep horizontally five feet apart. 
The place should be covered by straw etc., and 
moderately watered every 6/7 days. When the 
plants come out the usual weeding, loosening the 
earth, earthing up of plants in rows should be done. 
When the plants attain the height of about three feet 
the terminal buds should be nipped. This ensures 
higher yield. Nipping can be done second or third 
time also with good results. Planting can be done 
any time of the year but planting in March or April 
seems preferable. There arc two varieties of Cassava. 
One is bitter and is rather poisonous unless properly 
treated and the other is sweet. This latter variety is 
common and is the subject for this note. It takes 
about a year for the plant to mature which is its 
only drawback. There are, however, some varieties 
which mature earlier. Results of investigation into 
the minimum time required for the plant to produce 
maximum yield will be communicated in a separate 
note. Rats are a great menace to this plant and pre- 
caution in this direction have to be taken. 

Arrowroot, flour and suji are manufactured from 
the Cassava roots by the following process. The roots 
are first washed and then put into water in a big vat 
and allowed to stay for 6/7 hours. After this the 
thick skin of the tuber is easily peeled off and the 
karnel is then cut into small pieces and again washed 
and then made into a pulp in a dhenk i or some wooden 
receptacle by hammering by a long thick wooden bar. 
The pulp is then put into a strong cloth and the* water 
squeezed out (just as in a cheese press). The cloth 
with the pulp is then put in another vat in clear water 
and the pulp stirred well (inside the cloth submerged 
in water with the pulp). The water will gradually 
become milky white. When all the starch has thus 
been removed from the pulp, the pulp is dried and 
hammered and made into powder and then seived by 
a fine cloth. The finer portion which has been called 
here flour will come out and the residue in the fine 
cloth will resemble ordinary suji and can be used 
accordingly. Meanwhile the starch in the milky water 
in the vat will settle. The water can be easily decant- 
ed and the precipitate at the bottom may then be 
dried in the sun to obtain what has been described 
here as arrowroot or tapioca meal. This is also known 
as Brazilian arrowroot. , 
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Results of experiment with 54 plants are given as a nourishing food staff which is easily manufac- 
below : hired Cassava has hardly a parallel. 
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1 Weight of 

Weight of food manufactured 
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1 
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4 
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6 
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4 

1 

2 

1 

10 

0 

12 ! 

0 

3 

8 

4 

8 

! 0 

20 

4 

0 

0 

3 

12 

0 

10 , 

0 

4 

0 

5 
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0 
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0 
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4 
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14 
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8 
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3 

0 

0 

14 
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4 

0 

8 

8 

0 
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0 

14 

0 

4 
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1 

8 

8 

4 

0 

12 

0 

1 
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2 

8 

0 

6 

0 

4 

0 
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4 

0 

15 

8 

1 
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3 

0 

0 

10 

0 

5 

8 
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4 

0 

14 

8 

3 

0 

1 

12 

0 

4 

0 

5 

0 

Total ... j 

i 

54 

4 

2 

5 

10 

9 

22 

0 

7 

9 | 

1 

0 

2 


Thus the average yield of raw root per plant was 
3 srs. i.e., say 6 lbs. as against only 134 lbs. obtained 
by Mathews at Baranagar. The low yield at Bara- 
nagar might be, besides other reasons, due to the 
plants not being nipped which is evident from the 
average height of the plants there viz., 10' 15'. The 
average height of plants at Subirnagar was about 5' 
only. The yield obtained by Mukherjee 4 was even 
much higher than at Subirnagar. He obtained 220 
lbs. of raw root and 45J lbs. of dry food from 9 plants. 
In case of large number of plants the average yield 
is expected to be lower. Besides, the degree of 
moisture present in the soil or in the roots is another 
factor at the time of extraction. More stable 
criterion for yield would be the quantity of finished 
produce obtained from the roots. At Subirnagar as 
will be seen from the table 1*5 lbs. of produce was 
obtained per plant as against 5 lbs. obtained by 
Mukherjee from 9 plants. At Subirnagar there were 
2 plants in every 5 ft while there was one in the 
Sibpur experiment. Thus space for space the average 
yield at Subirnagar may be taken as 3 lbs. 

Planted five feet apart an acre would hold about 
1700 plants and would produce about 100 mds. of 
dry food. When done on a large scale the produce 
may not be as high but in any case it can not be less 
than 50 mds. On an average price of say 4 as. per 
seer an acre would yield about Rs. 500/-. Besides, 
there would be about 200 mds. of green good fodder 
and thousands of cuttings which may be used as such 
or even as fuel. Those would bring an additional 
amount of about Rs. 50/- to Rs. 80/- per acre. 

In case of large scale cultivation and manufacture 
such simple machinery as a turnip slicer, turnip 
pulper, a cheese press and a small grinding mill may 
be used. • 

As a drought resisting plant a heavy yielder and 


The arrowroot can be used as a diet for the sick 
in the usual way and the suji and flour can be used 
just as ordinary Suji and flour of wheat. In case 
of flour, however, it is better to mix some quantity of 
wheat flour. The Cassava flour can also be used for 
making * halua * and bircuits. For the latter fth 
Cassava flour and Jth. wheat flour should better be 
used. Part of the starch may also be used in various 
industries specially for making glucose and the plants 
can be turned into a money crop. 

K. N. Chatter jek* 

7, Jatia Road, 

Bally (Howrah Dt.), 

21-6-1948. 

1 Mathews, N. T. Scikncu and Culture, 12, 557. 1947. 
13, 119, 1947 

J Mukherjee, S. Science and Culture, 13, 119, 1947 
‘ 1 Roy, R. N. unpublished note 

* Mukherjee, N. G. Handbook of Agriculture, pp. 337-42, 


* Ex-ehief Administrator, Burma Refugee Organization, 
Hast Bengal. 


STUDY ON “LATHYRISM”, A DISEASE PRODUCED BY 
LATHYRUS SATIVUS LINN 

‘Lathyrism', a disease manifesting itself as 
spastic paralysis of lower limbs, breaks out in 
epidemic form in some parts of India specially in the 
Central Province where this has been found to be 
associated with the consumption of Lathyrus sativus 
in large quantity. To make a systematic study of 
this disease, feeding experiments were, therefore, 
undertaken on different laboratory animals in search 
of suitable animal in which the lesions similar to those 
in man could be produced. 

It has already been reported 1 that the pigeons, 
fed on Lathyrus sativus at 30 per cent level of intake ' 
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for seven weeks showed distinct tendency towards 
development of lathyrism. In continuation of the 
experiment on other animals, it has been observed 
that the chicks and guinea pigs also develop similar 
symptoms of lathyrism as retardation of growth, 
general weakness, reluctance to move about and 
swelling of the hind legs. 

Attention was next directed to find out the toxic 
principle of Lathyrus sativa responsible for develop- 
ment of lathyrism. For this purpose finely powdered 
Lathyrus sativa was extracted exhaustively with 
petroleum ether (B. P. 50~65°C) and an oil contain- 
ing some yellow pigment was obtained. The amount 
of oil-mixture was 1*22 p.c. of the dry seeds. 
Various other solvents were also tried for extraction 
but the amount extracted was very small in each 
case. The oil-mixture extracted with petrol ether 
was used for feeding experiment after diluting ten 
times with groundnut oil. 

Twentyfour guinea pigs weighing between 145 
to 165 gins, were uniformly divided into four groups 
and were given the diets as shown below. 


Name of the foodstuff 

Diet A 

Diet B 

Diet C 

Diet D 

1. Bengal Gram ... 

2. Lathyrus sativa whole- 

50 

50 

— 


powder 

3. Defatted Lathy ms sativa 

— 

— 

50 

— 

powder 


— 

— 

50 

4. Wheat 

30 

30 

30 

30 

5. Malted. Barley ... 

10 

10 

10 

10 

6. Milk powder ... 

10 

10 

10 

10 

7. Groundnut oil ... 

8. Lathyrus sativa oil dilu- 

61 

— 

61 

6 1 

ted with groundnut oil ... 

— * 

61 




Animals of all groups were supplied with 
adequate amounts of vitamins A and I) in the form of 
cod-liver oil, B-vitamins in the form of yeast tablets 
and vitamin C as pure ascorbic acid. 

Animals on Diet A taking Bengal Gram in their 
food showed excellent growth and general good 
health. 

Animals on Diet B containing diluted oil of 
Lathyrus saliva along with Bengal Gram showed re- 
tardation of growth, weakness, reluctance to move 
about and died on the 6th week. 

Two animals on Diet C showed definite paralysis 
of hind legs besides general ill health and retarda- 
tion of growth. In case of others retardation of 
growth, loss of hair and swelling of hind legs were 
observed. All the animals died on the 5th and 6th 
week. 

Animals on Diet D also showed slight retardation 
of growth, loss of hair and reluctance to food-intake. 
They all died after the 8tb week. 


The above experiments show that the oil-mixture 
of Lathyrus sativa extracted with petrol ether is 
definitely toxic and the extracted residual Lathyrus 
sativa is less harmful than unextracted ones. This 
experiment suggests that the protein moiety of 
Lathyrus saliva is also responsible to some extent. 
Most probably the actual symptoms of lathyrism as 
reluctance to move about, swelling and paralysis of 
hind legs are developed by the toxic principle present 
in the oil-mixture of Lathyrus sativa extracted by 
petrol ether and the other symptoms as retardation 
of growth, general weakness and loss of hair seem 
to be manifested by the combined effects of both 
the protein and oil moieties of Lathyrus sativa. Basil, 
Nath, Ghani and Mukherjee 2 have shown that the 
above pulse is deficient in tryptophane. It is not 
improbable that the amino-acid make-up of the pro- 
tein of this pulse may have some influence in acce- 
lerating the onset of the symptoms of lathyrism by 
Lathyrus sativa . 

H. N. Dk 
P, K. Datta 

Nutrition Research Unit, 

Biochemical Laboratory, 

Dacca University, 

Dacca, Eastern Pakistan, 

1-7-1948. 

* Report of the Scientific Advisory Board of the Indian 

Research Fund Association, 1946, p. 27. 

* Basu, K. 1*., Nath, M. C., Ghani, M. O. and Mukherjee, 

R., lnd . jour. Med. Res., 24, 1027, 1936. 


ON THE CULTIVATION OF IPECACUANHA IN INDIA 

Cephaelis Ipecacuanha (Bort.) A. Rich which 
yields the commercially important drug ‘ ‘Ipecac’ * is 
a native of moist tropical forests of Brazil. In its 
natural habitat it occurs in the thick shade of ancient 
trees forming a characteristic undergrowth preferring 
well drained open spots enjoying a steady atmosphere. 
It is essentially a tropical plant and is extremely 
sensitive to frost. 

The introduction and acclimatisation of this im- 
portant drug-yielding plant in India is associated with 
the names of two illustrious botanists, the late Dr T. 
Anderson and Sir George King, former Superinten- 
dents of the Royal Botanic Garden, Calcutta. 
Between the years 1866 and 1885 large scale experi- 
ments were carried out in the lower ranges of the 
Sikkim Himalayas and Nilgirte in South India. 
Attempts were also made to cultivate tlfe plants on 
the plains of Calcutta and in the Terai region. These 



October, 1948 


LETTERS TO THE EDITOR 


161 


experiments were conducted with a view to studying 
the optimum conditions for the production of the drug 
and finding out suitable areas for successful cultiva* 
tion. The result of these experiments carried out for 
nearly 20 years under varied conditions in different 
parts of India has yielded much valuable scientific 
data with regard to cultivation. It has been ascer- 
tained that the plant thrives only under a limited 
range of physiological conditions. It is highly sensi- 
tive to temperature, light and shade, requiring i 
moist hot climate and steady even temperature rang- 
ing from 75° to 90°F. for healthy development. As 
regards soil, a rich alluvial soil containing leaf 
mould, lime 'and magnesia is found best suited 
for vigorous root development. The plant thrives 
better under the canopy of trees or artificial 
shade similar to the shade under the over-head 
canopy of trees in a tropical rain forest. From practi- 
cal experience it has been found that poor cultiva- 
tion and undoubtedly most of the failures are due to 
inadequate precautions in providing the plants exact 
ecological conditions required for growth. Forced 
green house experiments under artificial conditions 
within the city wall (with records of Calcutta 
humidity) naturally leads to all sorts of physiological 
complexities detrimental to the healthy growth of the 
plant. 

Mitra and Chakravarti 1 have recorded some 
observations made during their preliminary experi- 
ments on the .cultivation of Ipecacuanha under what 
may be termed forced abnormal laboratory conditions 
with reference to the humidity factor alone. No 
accurate data of diurnal, nocturnal and seasonal varia- 
tions in light, temperature and humidity has been 
recorded in order to study their effect on the growth 
of the plant. They do not also seem to have taken 
into account the most important factor namely the 
edaphic factor which might have caused etiolation 
of the leaves. Moreover experiments carried out in a 
small box with partially parched soil of Mungpoo 
mixed with leaf mould hardly gives a correct idea 
about the normal requirement of the plant. Being 
an extremely weak delicate straggling undershrub with 
sensitive rootlets the plant can hardly withstand 
transit without considerable changes in its physio- 
logical make-up. This might have far reaching effect 
resulting in the production of so-called browning of 
parts and development of a poor shoot as the photo 
shows (loc. cit, p. 505). The plant after striking 
root as a result of watering, might have unfurled some 
of the leafbuds under moist soil conditions and not 
due to humidity alone. It appears to us that the 

experiments indicate doubtful results. 

# 

It has been previously 8 noted that more than 
60,000 plants were being grown successfully from 
root-cuttings at the Rungbee Cinchona Plantation in 


Sikkim. The senior author of this note has seen it 
growing luxuriantly in the Government Cinchona 
Plantation among the virgin rain forests of South 
Burma during 1929, 1930 and 1931. Reports of pro- 
mising results have been received from the Govern- 
ment Plantation, Kallar (Madras), Johore and Selan- 
gor in Federated Malay States and also from China 
and Tanganyika. Considering the large demand of 
the drug by the medical profession as a specific for 
dysentry and the scarcity of supply from foreign 
countries it is necessary to take up the question of 
growing the plant in India on an extensive scale in 
suitable areas. A thorough ecological and physio- 
logical investigation will have to be undertaken along 
with the preliminary field survey of this and the 
allied species in order to ascertain the exact condi- 
tions required for successful cultivation. A separate 
paper on the possibilities of Ipecacuanha cultivation 
in suitable areas in India will be published elsewhere. 

Kau Pada Biswas 

M. A. Sampathkumaran 

The Herbarium, 

Royal Botanic Garden, Calcutta, 

29-7-1948. 

1 Mitra and Chakravarti, Science and Culture, 43 , 504, 1948. 
a Annual Report ol the Royal Botanic Garden, Calcutta, 
1873. 


ON THE QUENCHING OF FLUORESCENCE IN SOME 
NONAQUEOUS SOLVENTS 

The quenching efficiency of an inhibitor of . 
fluorescence can be estimated from the value of k q 
calculated according to Stern and Volmer 1 equation 
from the percentage quenching of fluorescence (I 0 /I) . 
This equation has been derived on the assumption 
that the percentage quenching is small 2 * 3 . The 
mechanism of the quenching process has generally 
been accepted to be a diffusion-controlled bimo- 
lecular reaction, where the role of Coulomb forces 
has long been recognised 4 in the case of ionic 
quenchers, while those of Van der Waals forces and 
of forces originating from the interaction of the 
dipole moments of the reacting (both quenching and 
fluorescing) molecules have been recently investi- 
gated. 5 * * 

In the present investigation, the quenching 
effect of a polar (CHC1 S ) and nonpolar (CC1J inhibi- 
tor on the fluorescence of anthracene in different 
nonaqueous? solvents, both polar and nonpolar, has 
been examined in a Lumetron photoelectric fluore- 
scencemeter. Radiation of A =*3650 A was used as 
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the source of excitation. The molecular dimensions 
of both CHC1 S and CC1 4 being almost equal (r— 1'3A), 
will influence the diffusion-controlled bimoleeular 
reaction to the same extent and both being non- 
electrolytes, any difference of behaviour on the part 
of these inhibitors might be mainly attributed to the 
difference in the dipole moments of the two and 
chloroform being polar should be a more efficient 
quencher of the two. The mean values of k q shown 



in the following Table bring forth just the opposite 
result, CC1 4 vshowing the more powerful effect. This 
conclusion has also been corroborated in a few cases 
by direct observation of I 0 /I at the same molar con- 


centrations of the two quenchers. 

Solvent 

[ k q for CC1 4 

kg for CHC1* 

Benzene 

7*53 

5*77 

Cyclohexane 

1*65 

0*84 

Acetone 

20*88 

17*59 

Alcohol (Ethyl) ... 

• 

13*12 

11*47 


Viscosity changes due to small additions of these 
quenchers were almost negligible and hence had no 
influence on the rate of quenching in these cases. 
These results therefore suggest that there must be 
some other factor besides Van der Waals forces and 
lipole interactions as liithertofore visualised and this 
is probably the* influencing factor in these cases. 
PowenV observations of the higher value of k q with 


m-bromotoluene (2’ 14) than with o-bromotoluene 
(1 ’44) in quenching the fluorescence of anthracene 
solution in toluene also lend support to the present 
observations. 

The plot of k q against c , the quencher concen- 
tration, as shown in the figure for the differ- 
ent solvents and quenchers mentioned above 
obviously shows a steep fall of k q in all cases at 
lower quencher concentrations. The values become 
almost constant in the regions where the amount of 
quenching is considerable. This is anomalous in 
the sense that the Stern and Volmer equation should 
be applicable to cases of small quenching only. 
Assuming the validity of this equation in the case 
of nonaqueous solutions as well, the initial steep 
fall of the curves is interesting and is being worked 
out. 

My best thanks are due to Prof. S. N. Mukherjee 
for his keen interest and valuable help in this con- 
nection. 


(Miss) K. K. Rohatgt 

Physical Chemistry Laboratory, 

College of Engineering & Technology, 

Jadavpur (Calcutta), 

2-8-1948. 

1 O. Stern and M. Volmer, Z. wiss. Phot., 19, 27S, 1920. 

3 B. I. Sveshnikoff, Acta. Physicochim., U.S.S.R., 4, 455, 

1936; Compt. Rend . Acad. Sci ., U.S.S.R., 3, 61, 1936. 

5 Umber and La Mer, ]. Amer. Chem. Soc 67, 1099, 1945. 

4 Debye, quoted in ref. 3. 

5 S. Sambursky & G. Wolfsohn, Nature, 157, 228, 1946. 

• E. J. Bowen & E. Coates, /. Chem. Soc., 105, 1947. 

r E , J. Bowen, A. W Barnes & P. Holliday, Trans . Farad. 
Soc,, 34, 27, 1947. 


FORECASTING OF TRACKS OF STORMS IN 
INDIAN AREA 

Forecasting of the tracks of depressions and 
storms is a problem of considerable importance and 
difficulty. It has been stated that the direction of 
movement of storms and depressions is generally in 
the direction of movement of air at cirrus cloud 
levels. How far this criterion is applicable in tropi- 
cal latitudes requires detailed examination, but an 
examination of a few storms and depressions by one 
of the authors showed that little help could be 
obtained in forecasting tracks of storms from the 
available data of movement of cirrus clouds and 
winds at these levels. During the last few years, 
the subject of forecasting of tracks of storms has 
received wide attention 1 but the results obtained do 
not appear to be of much practical help in tfye day 
to day forecasting. 
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N. Sen and his collaborators 2 have stated that 
it is possible to forecast the movement of storms and 
depressions from a study of the Directive Field (in 
the upper air between 4 to 8 Kms, depending on the 
seasons) even a day or two before the formation, and 
that the movement is along a stream line in the 
Directive Field. 

.14 well marked storms and depressions in the 
Bay of Bengal and the Arabian Sea during the period 
1939-1946, were studied with a view to examine how 
far the above ideas of Sen are applicable. The wind 
data pertaining to several of these storms and 
depressions were meagre and the deformation field 
at 8 Kms could not be drawn, and as such the 
• examination had to be based on the field at 4 to 6 
Km, the drawing of which was also not free from 
uncertainty in some of the eases. 

It was found that the movement of 8 storms 
could be forecast satisfactorily from the Directive 
Field at 4 to 6 Kms, approximately in the case of 3, 
and the result was unsatisfactory in the case of 3 
storms. 

In the attempt to forecast the track a storm 
would follow, it is assumed that the Directive Field 
with the axes does not change to any appreciable 
extent during the course of the storm. The large 
percentage of agreement between the predicted and 
actual tracks would indicate that the Field docs 
remain fairly constant in most of the cases, parti- 
cularly in the intensifying stages 4 It would also 
appear that the more undisturbed the Directive Field 
remains, the more intense a storm is likely to be and 
with a longer life. The unsatisfactory agreement in 
the case of three storms can probably be attributed 
to the Changing of the Directive Field and also partly 
to uncertainty of the Directive field, for want of 
sufficient data. 

The results of the study are quite encouraging 
and further work in this direction is in progress. 

The details will be published elsewhere. 

S. K. Pramanik 

R. V. Bapami 

S. Mazumdar 

Meteorological Office, 

New Delhi, 9-8-1948. 

1 Bjerknes and Holmboe, “On the Theory of C\ clones." 
Jour. MeteoroL. I, 1-2, 1944; Reild and Shafer, "The 

Recurvature of Tropical Storms". Ibid.; Moore, "Fore- 
casting the motion of Tropical cyclones". Bull. Amer. 
Met. Sac., September, 1946; Mintez, "A rule for fore- 
casting the eccentricity and direction of motion of 
Tropical cyclones". Bull. Amer. Met. Soc., March, 1947. 

* Sen 8. N., "Atmospheric Vortex Streets". Sciknce and 

CUWURB, 2, 593, 1937, 9, 90, # 1943; Sen, S. N. Puri 

H, R. and Mazumdar S. Mobility of Vortex Streets in 
the atmosphere. Nat. Inst. Sci April, 1945, 


ORIENTATION OF CELLULOSE AND ITS RELATION 
TO DECAY CAVITIES IN THE SECONDARY WALLS 

OF CHIR (PINUS LON GI FOLIA) TRACHKIDS 

In recent years the orientation of cellulose in the 
secondary wall of tracheary elements has received 
wide attention of the wood anatomists. 1 ’ 2 » 3 » 4 * 8,8 
Banerjee 5 carried out similar investigations in India 
and obtained significant data by X-ray analysis of 
vegetable fibres. It has been demonstrated that the 
microscopically visible striations, mechanical cracks, 
pit orifices and the enzymatically produced cavities 
by some fungi are usually arranged parallel to the 
long axis of the fibrils of cellulose and therefore of 
micelles and chain molecules. For experimental 
evidences crystalline aggregates of iodine may be 
induced to form between these fibrils. 

A few samples of chir wood ( Pinus longifolia), 
both sound and infected by f^enzites striata , were 
collected from Dehra Dun and adjoining localities to 
examine the cellulose arrangement in the traclieids 
and their relation to later formed decay cavities, 
which have been found to exhibit similar and other 
interesting features. The behaviour of the fungal 
liyphae inside the timber also appears to be of some 
significance in this connection. 

The method of Bailey and Vestal 3 has been 
adopted with modifications as deemed necessary for 
different materials for inducing iodine crystals to 
form between the fibrils in both infected and sound 
wood.* 

As in all normal coniferous tracheids the secon- 
dary wall of chir tracheids consist of 3 layers — (1) 
inner, (2) central and (3) outer (Bailey and Vestal). 2 
The standard method induces iodine crystals to form 
only within the central and outer layers after con- 
siderable variation of treatment. 

In pitted chir tracheids the cellulose of both the 
outer layer and the central layer are ordinarily 
helically oriented, and that the helixes of the central 
layer have very steep pitches, whereas those of the 
outer layer have comparatively low pitches (Fig. 1). 
Some of the chir tracheids, usually without pits, 
exhibit that the helical pitch of the central layer are 
so steep as to appear parallel to the long axis of the 
cell. This fact has been substantiated by Bailey and 
Vestal 2 and Bailey and Berkley. 4 According to these 
authors the arrangement of cellulose in the central 
layer is approximately parallel or in a spiral of about 
3° to the long axis of the tracheids, and that this 
layer is isotropic. 


* "When sections of lignified tissues are chlorinated, 
rinsed in 95% ethyl alcohol, treated with dilute ammonia in 
strqng ethyl alcohol, rinsed in alcohol, chlorinated, rinsed 
in alcohol, stained in a 2% — 4% aqueous solution of iodine — 
potassium iodide, and finally mounted under a cover glass 
in a drop of 60% sulphuric acid, dark brown crystals of 
iodine form within the layers of secondary wall." 



164 


SCIENCE AND CULTURE 


Vol. 14, No. 4 


Frey and Scrath, Gibbs and Spier (Bailey and 
Vestal) 2 revealed to a considerable extent the com- 
plex nature of the arrangement of cellulose in and 
around the bordered pits. In chir tracheids, how- 
ever, the author failed to detect the orientation of 
cellulose in such specific cases. 

The axis of pit orifices, and mechanical cracks 
are all oriented parallel to the helixes of the fibrils 
(Fig. 2). It has also been found that there is no 
regular alternation of right-handed and left-handed 
helixes in the secondary wall as observed by many 
investigators. 
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Bailey and Vestal 3 and Bailey and Berkley 4 estab- 
lished that the enzymes of some wood-rotting fungi 
dissolve cavities which are oriented either helically 
or parallel to the long axis of the cell. In the central 
layer of the wall of chir tracheids the decay cavities 
are usually cylindrical and sometimes parallel to the 
long axis of the cell, but often appearing quite 
irregular. The hyphae penetrating the outer layers 
are oriented transversely through the helixes with 
respect to the long axis of the tracheids (Fig. 3). 
It, therefore, appears that there is no constant corre- 
lation between the orientation of cellulose and the 
plane of enzyme action. 


The hyphae, both thin-walled and thick-walled, 
are branched, septate, and run longitudinally through 
the tracheids. They produce numerous bore-holes 
both in the central and- outer layers, the thin-walled 
ones often making easy passage through the pits. 
The thick-walled hyphae are adpressed to the tracheid 
wall, often forming big T, sending off branches and 
penetrating the same tracheid at many points, and 


also show indications to form medallions, These ^ 
hyphae usually show constriction when passing 
through a * cell-wall . At late stage the thin-walled 
hyphae become of very big diameters filling the 
tracheids and destroy most of the walls in longitudinal 
direction. Microchemical tests in sections from early 
decayed wood tend to indicate no destruction of 
lignin. As the rot is of brown type, this is expected. 
Positive cellulose test has also been foui\d difficult to 
demonstrate. As indicated, in advanced stages most 
of the wall matters including the lignin collapse. 

It has been found that the tracheid walls are 
always dissolved ahead of the tips of the hyphae and 
that the bore-holes are always smooth. This supports 
Proctor’s 0 enzymatic theory of cell-wall penetration, 
as against Cartwright’s 7 mechanical theory. 

Examination of these and other materials is in 
progress with the help of X-ray and polarised light. 

The author desires to thank Sri A. K. Ghosh, 
Calcutta, for his helpful suggestions and interest 
throughout the progress of this investigation. 

J. Sen 


Botanical Laboratory, 

University College of Science & Technology, 
Calcutta, 30-8-1948. 

J Bailey, I. W., Pub . A.A.A.S., 14, 31-43, 1940. 

■Bailey, I. W. & Vestal, Mary R. t Jour. Arnold Arbutrlttnt, 

18, 185-195, 193?a. 

* Bailey, I. W. & Vestal, Mary R., Ibid , 195-205, 1937b. 

4 Bailey, I. W. & Berkley, Earl E., Amcr. four. Hot . 

29, 231-240, 1942. 

8 Batierjee, B. K., hid. Jour, of Physics, 21, 259-266, 1947. 

B Berkley, Earl K., Textile Research, 9, 355-373, 1939. 

7 Cartwright, K. St. G., For . Prod. Res. Bull, 4, 24, 1930. 

8 Preston, R. D. Ik Allsopp. A., Biodynamica, 2, 1-8, 1939. 

* Proctor, I\, Bull. Yale Univ. School of Forestry, 20-29, 

1941. 


POLYESTERIFICATION OF HYDROXY ACIDS, PART III: 

12:10: 9-TRIHYDROXY STEARIC ACID 

In two previous notes 1 the results of the study 
of polyesterification reactions have been reported. 
The present part deals with 12:10:9 trihydroxy 
stearic acid. 

The nature of the reaction products and the 
actual kinetics of the reaction are somewhat different 
from the two previous acids. After the esterification 
is 40 per cent complete the product becomes a free- 
flowing liquid and practically insoluble in alcohol, 
though freely soluble in benzene-alcohol mixture. 
With the increase in the extent of reaction the pro- 
ducts become more and more mobile. Above 70 per 
cent of the reaction the viscosity again increases until 
at about 97-98 per cent the substance becomes hard, 
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clear, insoluble and infusible solid. The products in 
this case are dark coloured while those with the pre- 
vious acids are white to pale yellow. 

The actual kinetics of the reaction are also some- 
what different from those of the previous ones. At 
lower temperatures (130°— 150°C) the reaction follows 
a bimolecular mechanism i.e., the activated complex 
consists of two molecules of acids, while at 170°C the 
reaction was a third order one. This means that at 
lower temperatures the reaction is not catalyzed by 
a third molecule of the acid as is the case at higher 
temperatures. But the change in the acid value, ester 
value, etc., are similar and in both cases the reaction 
is one of esterification. 

TABLE I 


170°C. 


1 (hours) 



A.V. 

R.V. 

o' 

/o 

0-25 

95 8 

42 

0-50 

04 ? 

01 

0 75 

500 

09 

1 00 

460 I 

71 

1-25 

42*8 

74 

1 50 

38*2 

76 

1-75 
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150°l\ 

130°C 


A.V. 

E.V. 

AV. ! 

E.V 


% 

1 i 

1 

o/ 

'o 

93 6 

43 

1 133-8 I 

19 

79 4 

51 

1 1200 1 

27 

68 8 

58 

1 96 3 ! 

41 

00-4 

63 

1 84-3 1 

48 

562 

! 66 

76 3 ; 

54 

46 9 

; 71 

70-6 

57 


Further, above 200°C the reaction presents yet 
another peculiarity. Although the reaction is very 
fast at the earlier stage, it becomes very slow at the 
latter stage and after about 3 hours the acid value 
actually begins to increase and the product never 
becomes insoluble or infusible. This is most probably 
due to break-down of the polyester molecules at 
higher temperatures ; a similar case has also been 
observed with 9:10 dihydroxy stearic acid polyester 
which breaks down at 300°C to dihydroxy stearic 
acid and a ketosteari<*acid. a 

Thanks are due to Dr P. K. Bose, Director, Indian 
Lac Research Institute, Namkum, Ranchi, for his 
keen interest in the present work. 


IODINATION OF SODIUM ACETATE IN GLACIAL 
ACETIC ACID MEDIUM 

The types of organic compounds that can be 
subjected to direct iodination are rather limited. 
Carboxylic acids, in general, do not react with iodine 
at room temperature with an appreciable speed. 
Thus, if iodine is dissolved in glacial acetic add, 
the resulting solution is quite stable for a long time. 
But, it has been found in this laboratory that a solu- 
tion of sodium acetate in glacial acetic acid, or 
sodium propionate in propionic acid and the like, 
readily reacts with iodine dissolved in the same 
solvent and proceeds with a measurable speed at 
ordinary temperature. Presumably, it is the carbo- 
xylate ions that enter into direct reaction with iodine, 
whereas undissociated acid molecules are quite un- 
affected. Physico-chemical aspects of the above 
reaction are being investigated and the salient 
features of the reaction noted so far arc recorded 
below. 

The reaction gradually slows down with progress 
of time and a state of equilibrium is apparently 
reached in less than 24 hours. The reaction rate 
depends on the concentration of iodine, as well as 
on that of the acetate, as found by varying the con- 
centrations of both reactants separately within fairly 
wide limits. The reaction has been studied both in 
light and in dark and photo-chemical reaction has 
been found to be absent at least in the visible region 
of the spectrum. Small amounts of water added to 
the reaction mixture are found to be without any 
appreciable effect on the kinetics of the reaction. 
One of the most interesting features of the reaction 
is that it is strongly retarded by iodides. Another 
peculiarity that has been noted is the very low 
temperature co-efficient of the reaction, implying a 
rather unusually small energy of activation. 

The reaction with bromine in place of iodine is 
much faster and tends towards completion, but has 
otherwise similar features. 

The problem is being studied in its full details 
and the results will be published elsewhere. 


Sadhan Basu 


Mihir Nath Das 


Indian Lac Research Institute, 

Namkum, Ranchi, 

29-6-1948. 

1 Basu, S., Science and Culture, 14, 120, 1948; loc. cit. 
* Bauer and Eherle, Z . angw. Chem >, 43, 902, 1930. 


Physical Chemistry Laboratory, 
Indian Association for the 
Cultivation of Science, 
Calcutta, 18-8-1948. 
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SUPPLEMENT 


Indian Science News Association 

PROCEEDINGS OF THE THIRTEENTH ANNUAL MEETING 


The Thirteenth Annual General Meeting of the 
Indian Science News Association was held on 
September 28, 1948 at 4-30 p.m. in the hall of the 
Applied Chemistry Department at the University 
College of Science, Calcutta. 

In the absence of Sri M. M. Sur, President of 
the Association, Dr D. M. Bose, Vice-President, 
was in the Chair and Dr P. C. Ghosh, Ex-premier, 
Government of West Bengal, was the Chief Guest. 

On behalf of the- Secretaries, Prof. P. Ray sub- 
mitted the following report of the working of the 
Association and the audited accounts for the year 
July 1, 1947 to June 30, 1948 : 

Annual Report 

The Council of the Indian Science* News Asso- 
ciation have much pleasure in submitting this, the 
Thirteenth Annual Report and the Statement of 
Accounts for the period July 1, 1947 to June 30, 1948. 


and also the well known Madras daily, The Hindu, 
supply their daily issues in exchange as before. 

Adair, Dutt Research Fund 

The following scholars engaged in research work 
noted below are enjoying scholarships from the above 
fund : 

(1) Mr P. Nandi — Micro-biologv (now in 

England), 

(2) Mr Pranbandhu Dutt — Chemistry. 

We are grateful to Messrs Adair, Dutt & Co. 
Ltd. for financial help in getting a series of articles 
on the riverine systems of India written by one who 
has specialised in the subject. 

( For Statement of Accounts , see last frape). 

Grants 


Members and Subscribers 

During the year 1947-48, there was an increase 
in one life-member making the total 112 and the 
number of ordinary members was 40, as against 45 
of the previous year. 

The total number of copies despatched in June, 
1948 was 1,454 as compared to 1,497 in the same 
month of 1947. The number of subscribers in June, 
1948 including the members of the Association was 
1,267 as against 1,310 of the preceding year. We 
had to strike off 43 v subscribers from the list. Of 
these 27 discontinued and 16 were defaulters. 


We are grateful to the authorities of the Burma 
( >il Company, National Institute of Sciences of India, 
University of Calcutta and the Bengal Chemical and 
Pharmaceutical Works Ltd. for renewing their 
annual grants. The amounts of these grants are as 
follows : 


Burma Oil Company (for 1947 and 1948) 
Rockefeller Foundation 
Government of India .<%. 

University of Calcutta 
Bengal Chemical & Pharmaceutical 
Works Ltd. 


Rs. 2,000/- 
» 1 , 000 /.* 
„ 750/-* 

„ 500/- 

500/- 


Donations 


Exchange JournalvS 

The total number of copies of the journal sent 
out every month in exchange and for review was 67. 
We received in exchange 29 Indian and 23 foreign 
journals. We also received journals of learned 
societies and publications of Government Scientific 
Departments. We send the journal regularly to 
several Societies and Institutions on request. Several 
Calcutta newspapers, viz.. The Statesman , Amrita 
Bazar Patrika, Hind us than Standard, Jugantar, Bharat 


During the year the Association was fortunate 
enough to receive the following donations from 
Messrs Sur Enamel & Stamping Works and the Indian 
Association for the Cultivation of Science, for which 
we express our sinceresl thanks to them. 

Messrs. Sur Rnamel & Stamping 
Works ... ... ... Rs. 1,000/- 

Indian Association for the Cultivation 
of Science ... ... .... ,, 900 /* 


* Through National Institute of Sciences of India. 
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Our thanks are also due to the authorities of the 
Calcutta University for accommodating the office of 
“Science and Culture” in the University Science 
College building. 

Conclusion 

As in the past years the editorial policy of 
“Science and Culture* * continued to be to make 
every attempt to focuss public attention on the 
importance of the application of science, scientific 
research and scientific methods to the social and 
economic problems facing our country. Looking 
back into these past thirteen years we are encouraged 
by the fact that we have been able to a certain extent 
by means of our journal to rouse the public opinion 
for a higher standard of living, which can only be 
possible by the utilization of science for social ends 
and by scientific development of our natural 
resources. 

We are also not unmindful of the cultural aspect 
of our organ ; for, many of the ills and evils, both 
physical and psychological, from which the humanity 
suffers today as the result of a disastrous and devas- 
tating war, cannot be eliminated unless the human 
mind is liberated from the maddening bondages of 
passions,* pride and prejudices which reveal them- 
selves in financial and idolatrous worship of set 
dogmas, favourite ideologies, circumscribed doctrines, 
and even of sentimental nationalism and material 
progress. There is no wonder, therefore, that the 
society today has become a battle field for rival 
groups, communities and nations blinded by lust for 
power and greed for wealth. What is, therefore, 
most needed today is a supreme regard for truth with 
guidance of reason, justice and tolerance. This is 
possible only through the development of a serene 
and scientific attitude of mind, for which our 
“Science and Culture” stands. 

The year under review has been one of acute 
financial stringency. The increase in the cost of 
publication is mainly due to the high rates of printing. 
In spite of these, we have been able to maintain a 
fairly high standard of our monthly journal “Science 
and Culture* V But we have not yet been able to 
undertake the publication of special numbers and 
maintain a library for want of adequate funds. 

We take this opportunity of expressing our grate- 
ful thanks to Dr Ramgopal Chatterjee, Sri Bibhuti 
Mukherjee and all others who rendered ungrudging 
services in various capacities for the Association. 

(For Statement of Accounts , see Iqst page). 

The following persons were unanimously elected 
officers and members of the Council for the vear 
1st July, 1648 to 30th June, 1949. 

President — Sri M. M. Sur. 

Vice-Presidents — Dr S. C. Law, Sir Jnan Chandra 


Ghosh, Prof. M. N. Saha, Dr. W. D. West, Sir Shanti 
Swarup Bhatnagar and Dr B. Prasad. 

Treasurer — Prof. P. C. Mitter. 

Secretaries — Prof. P. Ray and Prof. S. K. Mitra. 

Members — Prof. S. P. Agharkar, Dr B. Ahmad, 
Sri H. P. Bhautnik, Sri S. N. Sen, Dr K. Biswas, 
Dr P. K. Bose, Col. Sir R. N. Chopra, Prof. K. P. 
Chattopadhyay, Dr M. S. Krishnan, Dr B. C. Guha, 
Dr D. S. Kothari, Sri B. N. Maitra, Dr S. C. Mitra, 
Prof. H. K. Mocker jee, Dr J. N. Mukherjee, 
Dr S. R. Bose, Dr S. L. Hora and Dr S. Dutt. 

The Editorial Board of “Science and Culture** 
for the next year was constituted with Dr D. M. 
Bose, Prof. M. N. Saha, Dr A. C. Ukil and the 
two Secretaries as ex-officio members. 

Addressing the meeting Dr P. C. Ghosh stressed 
on the role of scientists in the amelioration of human 
sufferings and in the solution of the food problem 
in the country by improving our agriculture, live- 
stock,. etc. Pie said that the results of scientific 
researches must be carried to the ordinary cultivator 
by disseminating such knowledge in Indian languages. 
The problem of education in the country was stu- 
pendous as the literacy was as yet very low. The 
Government must spend more money for the basic 
education as well as for scientific education of the 
people. While he was the Premier it occurred to 
him that either the Government House, Calcutta, 
or the Presidency Jail at Alipur, could be sold off 
for six to ten crores of rupees and money thus 
released could be utilized for education and nation 
building projects. 

He said that they were not alive to the deplorable 
plight of the villagers. Fundamental research was 
valuable no doubt, but the country needed today 
extensive research so that the results could be carried 
to the villagers and the agriculture, education and 
health might be improved. 

Congress, he said, had brought for the people 
freedom. They still enjoyed their confidence. But 
that confidence would be shakened if they failed 
to lift the village life from the ruinous state in which 
it was today. Unless the scientists could employ 
their knowledge and skill to improve the condition 
they would soon lose their utility. India today was 
a free country and scientists as others must assert 
themselves to do whatever was good for the people. 
Government of a free country could not afford to 
lose co-operation of her scientists. But scientists 
must be able to do something good ; otherwise, they 
could not claim public or Government support. 

Dr Ghosh then gave a pen picture of the con- 
dition of life of the people of this province. Scientists 
warned the common man not to use adulterated 
mustard oil. But they did not tell them where, to 
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get pure oil. Milk, they said, must be pure. But 
they did not tell the people where to get pure milk. 
As to warn the people it was equally the duty of the 
scientists to tell the Government how to arrange for 
the good things. Negative attitude must be shed. 
Scientists told them people must have balanced diet. 
But they did not tell the people how to work so that 
they could get balanced diet. Again, scientists would 
tell them illiteracy must be removed. But again, 
they remained silent as to how to educate the people. 
Calcutta from a scientific point of view was inhabit- 
able. But scientists did not tell the Government how 
to make it habitable. Village life was in a chaotic 
condition. Yet, scientists did not say how to bring 
order in that chaos. 

So, he wanted the scientists to be alive to their 
part to be played in a free India. They were pledged 
to democracy. But democracy could only function 
where people were conscious of their rights and 
privileges. 

He impressed upon the audience that Mahatma 
Gandhi was against large-scale industrialization. 
On the contrary, he .supported such industry if 
it was utilized for the welfare of the masses and not 
for the exploitation of labour. 

Continuing he remarked that India was yet in 
need of eminent foreign technical experts for the 
d velopmcnt of scientific resources of the country. 
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A great paradox in India was that side by side with 
unemployment in a large scale there were dearth of 
real talented men who could take up constructive 
work with right earnest. 

Proposing a vote of thanks to the Chief Guest, 
Prof. M. N. vSaha said that the scientists in India were 
quite alive to the problems of the country and were 
ready to co-operate with the Government of the day 
in finding out solutions for them. Scientists could 
formulate certain proposals for the solution of the 
problems but the carrying out of them vested on the 
Government. He expressed the hope that given 
proper chance and opportunity the scientists in India 
would not belie the aspirations of the people. From 
the very beginning, “Science and Culture* * has 
been focussing attention to various problems of deve- 
lopment projects. These have very often been utilized 
by the Government without proper acknowledge^ 
ments. The scientists were thus doing their best and 
it was for the Government and the Industrialists to 
act accordingly. The Government must be honest in 
their projects. He praised Dr Ghosh for setting up 
small institutions in villages where constructive work 
was being carried out. 

Prof. S. K. Mitra said that in the free atmosphere 
of the country today scientists in India were deter- 
mined to carry forward the task of reconstruction of 
the country in co-operation with the Government of 
the day. 


(Statement of Accounts, next page) 
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DISINFLATION CUM COMPULSORY BORROWING 

BY GOVERNMENT 


rpHH point cannot be too often stressed that great 
ages in the history of a people have been very 
often unstable ages. First rate achievements by 
nations occur more frequently in years of instability 
than in times of security. Such achievements are 
possible on our part in the present unstable times if 
v\e look at our problems from the point of view of the 
common man who would, in India to-day, rather face 
a dangerous future than a blank future. The problem 
, which the Government and the public view with the 
greatest concern at the present moment is that of 
inflation. A commonsense remedy to combat this in- 
flation is to withdraw a portion of the notes in circu- 
lation and compensate the owners by allotment of 
equivalent Government securities. This remedy has, 
however, been looked upon with disfavour by a very 
influential section of the public and the Government 
has apparently been persuaded to accept their verdict. 
The problem, therefore, requires closer study. 

Inflation has affected adversely : 

(а) the wage-earners in so far as their dearness 

allowances lag behind the cost of living 
index, 

(б) the rentier-class in so far as the monetary 

returns from their holdings have been 
pegged, and 

(c) the salaried and the professional classes. 

Inflation has favoured (a) the black-marketeers, 
(b) the businessmen who are hoarding goods and 
selling them in a market of rising prices and (c) the 
peasant proprietors who have surplus food to sell. 

From the speeches of the Hon'ble Ministers in 
Parliament and in public, it appears that Govern- 


ment are willing to strike those who have profited by 
this inflation, but they are either afraid to wound 
them, or have not yet been able to find out how to 
tackle them. 

The total note issue in India stands today at 

1250 crores approximately, as against an index 
of 128 for note circulation in 1940, which rose to 
(ilfi in 1945. The demand liabilities of scheduled 
hanks now amount to about Rs. 700 crores against 
which there is a liquid reserve of about Rs. 100 crores. 
The sum of Rs. 1,250 crores, therefore, represent 
approximately the purchasing and lending capacity 
of our people. But the goods which this purchasing 
power can buy are not there in quantities greater 
than they were in 1940, and hence the cost of living 
index has gone up to 390. This figure can be brought 
down either by increasing the availability of con- 
sumer's goods or by a substantial portion of this 
purchasing capacity being immobolised by long-term 
investment in projects of resource development. A 
judicious investment of Rs. 500 crores is expected 
to increase the annual national income at the end 
of five years by an equal amount. The National 
Government should not, therefore, hesitate to resort 
to some forms of compulsory borrowing if appeals 
for voluntary investment in private enterprises or 
state-loans intended for resources development, do 
not meet with adequate response. 

The warning that compulsory borrowing would 
shake the credit structure of the country beyond 
repair, appears to be a myth, when examined in the 
context of what is happening in the vvorld today. 
Money before the World War I was a medium for 
the free exchange of commodities not only inside 
a country but also in international trade. Hence 
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it had an intrinsic value. Since then, however, in 
most countries money has been made an instrument 
of state policy — a servant and- not the master of the 
State. This has been achieved in U. K. by 

(1) transferring the purchasing power from 

bank balances to ration coupons and 

(2) by rigid control of export and import of 

goods both as regards categories and 
quantities. 

The capitalist and the middle classes in 
England have been always protesting against any 
crippling of the power of money and whenever any 
attempt has been made to do so, have raised the 
cry that England’s credit is being rudely shaken 
and that the country is being led to disaster. After 
World War II, these protests have carried little weight 
and a perusal of the White Paper on Capital Invest- 
ment in 1948 shows that instead of the country being 
led to ruin, at no time in England’s history the 
foundations of her prosperity have been more securely 
laid. Out of an annual national income of ^9,000 
million, the following capital investments were made 
in 1947: 

millions. 

Civil Engineering Construction £ 850 

Plant, Machinery and Vehicles £ 610 

Ship-building and miscellaneous £ 90 
Total ... ^1550 

In 1948, including agricultural improvements, the 
capital investment is expected to be of the order of 
^1.800 million which is 20 per cent of the national 
Income. - The upper and middle classes of England 
have the great virtue that they play the game, obey 
the rules laid down by their Parliament, pay their 
taxes and when hard pressed only mutter “Who dies, 
if England lives”. It is obvious that by adhering 
rigidly to “austerity economics”, IT. K. has turned 
the corner and is now rapidly marching forward on 
the high road to prosperity. 

France would not have been in the doldrums 
in which she finds herself today, if she had followed 
the example of England. In Belgium the volume 
of deposits and notes increased more than threefold 
during the war ; and the Government thought it 
desirable to reduce the circulation of money to 
an amount which would be compatible with the level 
of wages and prices at which 'it was intended to 
stabilise them. Accordingly the greater part of the 
volume of money was sterilised by blocking and 
withdrawal. All notes of 100 francs and above had 
to be surrendered, and 60% of the notes so surren- 
dered was blocked. All bank deposits were blocked 
excepting 10% of the depositor’s balance ; 30% was 
then released gradually and 60% was blocked in- 
definitely. Those who predicted dire consequences 


were found to be hopelessly in the wrong. This 
courageous action gave the whole of Belgian economy 
an anti-inflationary orientation not only in regard to 
monetary circulation but also in regard to the level 
of wages. It also created in the mind of workers 
a psychological situation which made possible won- 
derful progress in the recovery programme of the 
country. By the end of 1947, Belgium’s production 
reached pre-war level and by the middle of 1948 
Belgium has made such recovery that she announced 
that she was prepared to give up the whole of the 
Marshall Aid to which she was entitled in favour of 
the less fortunate countries of Western Europe. 

In Denmark, Finland, Czechoslovakia, and 
Norway exchanges of notes together with a blocking 
of the old issues have been successfully undertaken. 
For example, all notes in Norway above the deno- 
minations of one or two crowns were* declared invalid 
in September, 1945. Of the notes presented for con- 
version, 60% was to be credited to a holder on a 
current banking account and 40% on a stale account 
which could not be* drawn upon without a permit from 
the Ministry of Finance. 

Money may be made idle and hence available 
for investment, if the purchasing power of consumer’s 
goods is transferred from money to coupons as has 
been done in England. By this device, it has been 
possible to operate successfully a continuous process 
for the immobilisation of liquid money. In India, 
the administrative machinery which can do a similar 
job does not exist. Nor have we the same spirit of 
discipline in ohr people. But we can do something 
which is next best. We can operate a discontinuous 
but a periodic process which will immobilise liquid 
money . The underlying principle in both cases is 
the same, though the methods of operation are 
different. It will be for Government ' to decide on a 
programme of capital development for a period of 
three years and then ascertain at the beginning of 
the period by actual loan operations how much of the 
cost of such development can be met by voluntary 
lending by the people. The balance may then be 
secured by withdrawing a part of notes in circulation 
and cancelling a part of the demand liabilities of the 
banks and compensating the creditors by allotment of 
equivalent Government securities. With this reserve, 
Government may create new money as and when 
necessary to finance its developmental programme 
during the period of three years. The same process 
may be repeated at the beginning of the next three 
year period. * 

Such a process has the disadvantage that a com- 
pulsory and rapid disinflation will be followed by a 
slow inflation, which will reach its peak at the end 
of three years, to be followed again by a compulsory 
disinflation and slow inflation in three y4ar„ cycles. 
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Such cycles of buoyancy and depression, are, how- 
ever, not uncommon in systems of free enter prise ; 
and if their recurrence is regulated by the State, 
they might be accepted without much hardship as a 
normal feature of our economic life. There may be 
risks in such action, but few things that are worth 
doing can be done without some risk. 

Such periodical disinflation, by partial withdrawal 
of notes and freezing of demand liabilities of banks 
will have one great merit, which is not commonly 
appreciated. Nobody will have any incentive to 
hoard consumer’s goods. The certainty that at the 
end of every three years liquid money will be in short 
supply, will operate in favour of bringing to the open 
market goods which, for some reason or other, may 
have gone underground. This will be a check on 
the activities of black marketeers, and revive* honest 
business methods based as much on motives of profit, 
as of service. Controls become surer and easier of 
operation when there is an inherent tendency for 
goods to come out to the shop window. 

Development of Industrial Potential to 

Safeguard Independence 

In the disturbed condition of the world today, 
there should be no slackening of efforts for safeguard- 
ing our independence. It is now a universally 
accepted principle, that no nation can defend itself 
against modern weapon unless its industrial potential 
has been raised to a very high level and its productive 
units have been so planned that they can be switched 
over from peace time to war time activities at a short 
notice. The highest priority should be given to 
industries related to defence. They include schemes 
for the production of 

(1) metals" like steel, aluminium, magnesium, 

zinc and lead ; 

(2) synthetic petrol ; 

(3) heavy electrical and radio and electronics, 

telegraph and telephone equipment ; 

(4) machine tools ; 

(5) locomotives and rolling stock, ship and 

aircraft, mechanised transport ; 

(6) power and fuel ; 

(7) training of personnel. 

Equally important, if not more so, are schemes 
which aim at national self-sufficiency regarding food. 
And in this category naturally are to be included all 
schemes for river-valley development, land reclama- 
tion, manufacture of fertilisers and agricultural 
machinery. 

A modest estimate of capital which the Govern- 
ment ®f India should invest in State-owned enter- 


prises in the period January 1949 — March 1952 and 
from March 1952 — -March 1955 is given below : 


Investment of Capital 
in Slate-owned projects 
of developments 



Jan. 1949 — 
March 1952 

March 1952- 
March 1955 

Industry : 

■ 



(a) Mining and Metal production 

(b) Coal, Synthetic. Petrol, Re- 
fineries, Power alcohol 

(c) Factories for Heavy Electri- 

45 Crores 

75 Crores 

40 

60 

1 1 

cal Equipment 

/ Factories for Light Klectri- 
1 cal Equipment. 

(d)\ Win less, Electronics. Radar. 

6 ,, 

10 

i* 

1 etc. 

(e) Machine Tool, Mechanised 

4 

6 

*» 

Foundry and Forge Shops 
(/) Fertilizers, Dyestuffs and 

5 

9 


Essential Drugs 

(g) Shipbuilding, Aircraft, and 

30 

45 

M 

Mechanised Transport 
(h) Training of Technical Per- 

20 

30 

” 

sonnel 

10 

15 

O 

Total ... 

Armament Factoties & Defence 

160 

250 

If 

Research 

Agricultural Improvement in- 
cluding Irrigation schemes of 

30 

40 

If 

multipurpose projects . . 

Hydroelectric ami Thermal Power 

140 

230 


Projects . . 

Railways, Shipping, An line & 

40 

60 

If 

Communications & Roads 

130 „ 

180 

" 

Grand Total , 

500 Crores j 760 Crores 

1 


Compared with the investment programme of 
t ! . K. which is being actually realised, how insigni- 
ficant these estimates are ! There are not however 
wanting friends to India who would even drastically 
cut down this programme ! 

The optimism of the ambitious planners at the 
end of the war lias now given place to undue pessi- 
mism ; and most people think that it will not be 
possible for Government to raise Rs. 500 erorcs within 
the next three year period for investment in produc- 
tive enterprises. If unfortunately it happens that 
only a small part of the necessary capital can be 
obtained by ordinary loan operations, the balance 
will have to be secured by adopting more drastic 
procedures. One such procedure lias been indicated 
above. 

In 1945 the denominational pattern of notes in 
circulation in India was as follows : 

Percentage to gross circulation of all notes : — 

5 Rupee notes 10 Rupee notes 100 Rupee notes 

mid above 

128 35-3 50-2 
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On this basis, withdrawal of forty per cent of 
hundred rupee notes and above, atid of twenty per 
cent of *ten rupee notes, and their replacement by 
Government securities will mean a compulsory 
borrowing of Rs. 340 crores. Freezing and replace- 
ment by Government securities of 25 per cent of the 
demand and liabilities of scheduled banks will give 
another RvS. 160 crores. The difficulties of exchange 
for procurement of capital goods have been partly 
solved by the release of £180 million of sterling 
balances during the next three years. But this sterling 
is the property of the Reserve Bank of India, and if 
used for financing Government demand for capital 
goods, its liquidation must be balanced by a corres- 
ponding withdrawal of notes from circulation. 

Raising the Production ok Consumer’s Goods 

Government of India is pledged to a policy of 
mixed economy consisting partly of State-owned and 
partly of private enterprises. It will not do to make 
provision only for the capital required by the State 
for its own needs. Adequate resources must be made 
available for the expansion of private industries 
which are mostly expected to produce consumer’s 
goods. These cover a very wide field.* It is the 
upper and middle classes who invest their savings 
in such industries. The incidence of taxation should 
be such that their margin of saving should be 
sufficient for the end in view. Contributions to Pro- 
vident Fund and Insurance Policy are now free of 
income tax upto 16% per cent of one’s income sub- 
ject to a ceiling of Rs. 6,000/-. This limit may be 
raised to 20 per cent. The able business man has 
now no incentive for hard work as 97 per cent of his 
personal income beyond a certain level is payable as 
tax. Government of India have in this case imitated 
U. K. practice. But it should be remembered that 
such heavy incidence of income tax was introduced 
in 1J. K. only after free enterprise had so developed 
the resources of the country that the per capita income 
went upto about /,140 a year. If it is really intended 
that entrepreneurs in this country should have 
reasonable scope for the application of their talents 
then they should be left with at least 20 per cent of 
their income which they may rusk in industrial ven- 
tures. It is, therefore, suggested that income tax 
rules should be so modified that 20 per cent of the 
earnings of a person may be free from payment of 

*L,ist of Major Industries coming under the Scope of 
Private Enterprise. 

1. Salt. 2. Automobiles and tractors. 3. Prime Movers. 
4. Electric Engineering, 5. Other heavy machinery. 
6. Machine tools. 7. Heavy chemicals, fertilizers and phar- 
maceuticals and drugs, 8. Electro-chemical industries. 
9. Non-ferrous metals. 10 Rubber manufactures. 11. Power 
and industrial alcohol. 12. Cotton and woollen textiles, 
silk and rayon. 13. Cement. 14. .Sugar. 15. Paper and 
newsprint. 


income tax if invested in the Provident Fund, 
Insurance Policies and Industrial concerns approved 
by Government. In India herd instinct reigns 
supreme in the investment market. If an acknow- 
ledged leader in business invests his own money in 
an industrial concern, the smaller investors imme- 
diately follow suit and make the flotation a success. 

It is common knowledge that due to high prices 
of agricultural commodities, a large amount of liquid 
money has accumulated in the hands of peasantry 
who have surplus food to .sell. There is no incentive 
for him to grow more food because of the lack of 
consumer's goods like cloth, kerosene, building mate- 
rials, etc., which he can obtain in exchange or the 
lack of bullion which he can hoard. The peasant, 
however, is so fanatically attached to his holdings 
that he would do any amount of hard work to secure 
for himself the Zemindary rights on his land. Most 
of the“ provincial ministries are pledged to the policy 
of abolishing zemindaries and vesting these rights in 
the vState. Such a policy is very sound theoretically, 
but the popular ministers should remember that it is 
only for administrative convenience that the British 
Government in India gave their support to Zemindars 
who acted as great shock-absorbers. Prudence lies in 
not pointing in rosy colours the political implications 
of ryots dealing direct with Government. A way out 
may be provided by considering seriously the possi- 
bility of vesting zemindari rights in the ryot himself. 
Even the modest scale of compensation to zemindars 
adopted by many provincial Governments would run 
to many hundreds of crores of rupees and the Govern- 
ment of India have warned the provinces, that any 
loan that they may like to raise to finance zemindary 
abolition schemes should not conflict with the Centre’s 
borrowing programme. In the circumstances, for 
some years to come zemindary abolition will not be 
a practical proposition. But the problem assumes a 
different complexion if the ryots are invited to pay 
compensation to the zeminders on a somewhat more 
generous scale, through Government agencies. Such 
compensation may be paid by ryots over a period of 
five years in regular instalments. This will bring 
out such an effort on their part to earn more that 
increased food production will become an assured 
reality and not a problematic venture as is now the 
cases. The advantage of eliminating the anftual 
import of food to the extent of Rs. 100 crores a year 
in a country where 80 per cent of the people live 
on agriculture, can not be too strongly emphasised. 
It is also natural to expect that a large part of the 
compensation which the zemindars may .secure, will 
find an outlet in capital investment either in Govern- 
ment or in private enterprises. A scheme Involving 
zemindary abolition, increased food production and 
capital formation for industrial development and 
agricultural improvement ought to prove very attract 
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tive to econqpiic planners, and deserves to be worked 
out in complete details. 

How to Tackle Tax-DopgkRvS 

The problem of tackling tax-dodgers is everywhere 
very difficult. Many newly-rich persons say that the 
fear of investigation by the Income-tax Enquiry Com- 
mission prevents them from utilising their money in 
developing productive enterprises or subscribing to 
Government loans. Experience of cases handled by 
anti-corruption agencies of Government indicate that , 
rich people often escape punishment which they 
deserve. It would, therefore be more in the interests 
Of the country if the Income-tax Enquiry Commission 
can collect sav 100 crores of rupees by reasonable 
compromise with people suspected to be tax-dodgers 
and complete its labours bv the end of 1948. This 
action coupled, if necessary, with a slightly higher 
rate of interest may bring about a satisfactory res- 
ponse to future flotations of Government loans. There 
is no doubt also that the newly rich will then prefer 
banks to private custody for keeping their money. 
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Thus strengthened, the banks may take a more 
effective part in developing commerce, business and 
industry. 

In the recent discussions on inflation and its 
remedies, most people have looked at the problem 
through the spectacles of old orthodoxy. They have 
forgotten that a revolutionary spirit is there in the 
land. It will be a pity if the revolutionary fervour 
which has gained for us political independence sub- 
side on the slope of a barrier created by orthodox 
finance. It is for our great leaders in the National 
Government to recognise that there is a tide in the 
affairs of men which taken at its flood leads to pros- 
perity. And it is for them to so guide this tide that* 
it rolls over the obstacles put up by anti-social 
elements backed by sialic economic theories. The 
prospects of developing the resources of the country 
are vast— as vast as we have the imagination to see. 
But we cannot see such prospects from the bottom 
of a rut. Heaven forbid that we be defeated today 
in our struggle for economic well-being. But if we 
are, it will not be the mistakes of the Idealists but 
the cynicism of the Realists that will defeat us ! * 


WEATHER AT COMMAND 


"YY^EATHER is so important for mankind that 
control of it by artificial methods has been r 
cherished dream Miice times immemorial. But the 
earliest methods were those of magic, and w'ere mere 
charlatanism. The growth of meteorological know- 
ledge during the past and present centuries did not 
afford prospects of any practical solution, because the 
fundamental knowledge of the process of condensa- 
tion of water vapour into drops that form clouds, and 
difference between rain-bearing and non-rain-bearing 
clouds was lacking. It has taken a long time to get 
*to this knowledge, but even now all the physical 
^ processes are not clearly understood. But on the basis 
of the little fundamental knowledge that has already 
been available, experiments on artificial rain-making 
have been started in the U.S.A. and Australia, with 
a large amount of success if the reports in the daih 
papers are correct. At auv rate these two countries 
have taken to the experiments with a good deal of 
■ earnestness, and we learn from newspaper reports that 
the Army and Navy in the U.S.A. have jointly spon- 
sored a scheme called ‘Project Cirrus* for carrying 
out extensive experiments on artificial rain-makiug 
and allied&problems and nearly f million dollars were 
appropriated for this purpose in J 947-48. The results 
of these* experiments will be awaited with success, 

2 


unless the news is declared a prospective war-contra- 
band. 

It is superfluous to point out the benefits which 
will accrue to mankind if an easy method of causing 
clouds to shed rain could be discovered. For it has 
been found, in Australia and Chilli (South America), 
and in the deserts of Rajputana in our own country, 
that very often heavy clouds pass for days together 
without shedding any rain, and there is no precipita- 
tion until sonic heavy obstruction like a mountain 
range was encountered by the clouds. Such places 
are therefore unproductive deserts, whereas moun- 
tainous regions which obstruct the passage of clouds 
get too much watei, which produces floods lower 
below, and most of the water gets lost either by 
evaporation, or by per eolation. Sometimes there may 
be cloud bursts in the wake of cyclones, causing flood 
and damage. Cloud-*, and fogs are the same things, 
and in high latitudes fogs are very often a nuisance 
and may hinder traffic, and cause extensive damage 
to crops. During the war, meteorological conditions 
have very frequently proved to be of very decisive! 
importance and it is on record that during the last 
world war, some airports in Europe were so frequently 
enveloped in deep fogs, that they proved useless for 
the landing and taking off of aeroplanes and enormous 
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amounts of money were spent in expelling the fog, 
by covering the ground with a nel work of per- 
forated tubing through which petrol was allowed to 
gush out, burn, and expel the fog. The results 
obtained were extieniely meagre in proportion to the 
expenditure. Tt is now claimed that incomparably 
better success can be achieved by seeding the tops 
of clouds and fogs with a few pounds of finely 
powdered dry ice (solid C0 2 ) or fine dust of silver 
iodide. 

These reports have produced a certain amount 
of flutter in our own country, for the daily papers 
published a report some days ago, that a conference 
of hydrological engineers assembled at Simla some 
time ago, and accepted a resolution that rain-making 
experiments should be started in India as well. 

On account of the importance of the subject, \\b 
have invited two relevant articles. The first article 
is on "Rain making experiments in Australia" by 
Mr A. K. Roy, M.Sc., Regional Director of Meteo- 
rology, Alipore Observatory. Mr Roy has recently 
been to Australia and New Zealand, on an Inter- 
national Conference, and took pains to obtain first 
hand information on ‘Rain-Making* in Australia, and 
delivered by invitation a lecture on his experiences 
at the Indian Association for Cultivation of Science, 
Calcutta. The present article forms a summary of 
his lecture. The second article by Ft. hi. K. R. 
Saha deals with the physics of formation of clouds 
and rains, and is a summary of the fundamental work 


done on the subject duHng the war, in England, 
U.S.A., and Germany, ^hich are now being gradually 
released to the public. % 

A perusal of these two articles will dbnvince the 
reader that formation of clouds, and precipitation of 
rain arc extremely complex processes, and inspitc of 
the great strides made, all the mechanisms are not yet 
clear. Particularly competent scientific authorities 
are not yet agreed that Bergeron’s theory of forma- 
tion of rain drops which forms the basis of all rain- 
making experiments in the U.S.A. and Australia also 
hold for tropical countries like India. Hence it is 
unsafe to rush to the conclusion that if a few pounds 
of powdered dry ice, or silver iodide be sprinkled by 
means of aeroplanes on the top of any cloud, it will 
be precipitated as rain. 

Even in the U.S.A. , and Australia, only certain 
definite types of clouds are selected for experimen- 
tation by previous ladar studies of clouds and the 
experiments are naturally controlled by trained 
physicists.* We arc of the opinion that a large 
number of laboratory experiments, and field tests by 
competent physicists and meteorologists must first be 
carried out before the actual rain-making experiments 
can be* undertaken by trained engineers of the Army, 
Na\y and the Air. 


* In the TJ. S. A., the “Project Cams” has the \ derail 
physicist I. Langmuir, and Victor Schaefei, a> consultants 
for the experiments which are carried out under their dilec- 
tions In armv and navy men. 


WARNING 

". . . . like most species, we arc already encumbered by countless undesirable mutations, from which no 
individual is immune. In this situation we can, however, draw the practical lesson, from the fact of the 
great majority of mutations being undesirable, that tlieii further random production in ourselves should so 
far as possible be rigorously avoided. As wc can infer with certainty from experiments on lower organisms 
that all high-energy radiation must produce such mutations in man, it becomes an obligation for radiologists — 
though one far too little observed as yet in most countries— to insist that the simple precautions are taken 
which are necessary for shielding the gonads, whenever people are exposed to such radiation, either in 
industry or in medical practice. And, with the coining increasing use of atomic energy, even for peace- 
time purposes, the problem will become very important of insuring that the human germ plasm — the all- 
important matei ial of which we are the temporary custodians- is effectively protected from this additional 
and potent source of permanent contamination." 


Jf. /. Mullet. 
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RAIN-MAKING EXPERIMENTS IN AUSTRALIA : EXPERIMENTAL 


CONTROL ON THE YIELD 

A. K. 

REGIONAL DIRECTOR, Al,lPORE 

o f the numerous features of weather which occur 

m the Earth’s atmosphere, the two which arc 
most commonly met with, and yet interest us at all 
times are, firstly, rain and, secondly, clouds on which 
rain depends. It is, therefore, only natural that since 
the time the study of synoptic weather charts v\ith a 
view to forecasting weather became an important part 
of the activity of a Meteorological Service, these two 
elements have engaged much greater attention of 
Meteorologists than any other aspects of weather. 
Yet, surprising as it may seem, there is much about 
clouds and rain which, till the present day, is not com- 
pletely known to a student of Meteorology, notwith- 
standing the many interesting icsearches on the sub- 
ject, especially during the present century. 

Clouds, as we all know, are of very different 
types, differing fundamentally in their form, general 
appearance, height of base, thickness, density, and 
lastly in their rain-giving capacity. Similarly, rain 
that we have on different occasions varies very greatly 
in its character, not only in its total yield, but also 
in the rate at which the precipitation occurs, its 
distribution with reference to time, the size of water 
drops contained in the rain, etc. Many interesting 
questions, therefore, arise in connection with the 
study of clouds and rain, and a keen observer from 
amongst the general public often asks : 

(i) What are the circumstances which lead to 
the development of different types of clouds 
over a station ; 

(ii) How and why are the clouds of different 
kinds associated with precipitation of different 
character ? 

(iii) Why is it that rain on some occasions con- 
tinues for hours together, while on others it 
ends with only one or two showers lasting 
for a few minutes? 

( iv ) How do we explain that on some occasions 
quite heavy rain is seen to fall at one station, 
although little or no precipitation occurs at 
a place only some five to ten miles away ? 

(i') What are the factors on which the intensity 
\ , of precipitation depends ? 

and, lastly, the question which is the most 
puzzling of all 

(vi) Why is it that low, dark and rather threat- 
ening clouds sometimes develop, and persist 
or drift slowly for hours together over a 
station, without yielding any rain, $nd yet 


OF RAIN FROM CLOUDS 

ROY, 1 

M ETK OR< M .< )C ICA1, t MISERY ATORY 

on other occasions clouds, which are rather 
high, start precipitating soon after they 
appear over a place? 

Indeed, it has to be observed in connection with 
the last question that even if we leave out the case 
<»f fog, which is really a cloud touching the ground, 
the lowest form of cloud proper, viz., Stratus (Fig. 1), 



Fie. 1. Stratus. Height of base is often only a few 
hundred feet above ground, yet no rain is received 
from the cloud. (From Cloud Atlas, p. 12): 

wlio>e base is often only a few hundred feet above 
the surface, does not, as a rule, give any rain and 
even when it does, the precipitation is in the nature 


Fig. 2. Fair Weather Cumulus. As the name implies, 
the ’cloud is utiassociated with rain, even when the 
base is sufficiently low. (From Cloud Atlas, p. 14), % 
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of very thin drizzle. Again, we have clouds, called 
‘Fair Weather Cumulus' (Fig. 2) which, as its name 
implies, is not a rain-giving cloud, and in fact the 
predominance or persistence of this type of cloud on 
any day over a station may be taken to be an indi- 
cation that no rainy weather is likely on that day. 
On the other hand, we have Alto-stratus or Nimbo- 
stratus clouds (Figs. A and 4) with base as high as 



Pin. 3. Alto-Stratus. Though sufficiently high, mea- 
surable precipitation nia\ he expected from this cloud, 
especially during winter. (From Cloud Allas, p. 9). 



x 


Fig. 4. Nimbo-Stratus. Has base much higher than 
stratus cloud as a rule, but is often responsible for 
prolonged rain of appreciable amount. (From Clottd 
Atlas, p. 13). 

10,000 ft. or more, which, in northern India, give 
prolonged precipitation at times during winter, and 
similarly Cumulo-nimbus cloud (Fig. 5) with fairly 
high base at 5000 ft. or above which, during summer, 
often gives heavy showers soon after its formation. 

While systematic observations of clouds and rain 
of the various types and their mutual association, and 
detailed study of the physics and thermodynamics of 
the atmosphere, which help their development, have 
since placed the Meteorologists in a position to give 
a fairly ’Co|nprehensive and a reasonably conclusive 
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answer to the first five questions, a final and com- 
plete answer to the last one is yet to be given, not- 
withstanding the fact that the matter has received the 
most careful attention of eminent scientists, physi- 
cists, physical chemists and meteorologists alike. 



Fig. 5. Cumulo-Nimbus. With base at times much 
higher than 5000 ft. above ground in summer, the 
cloud sometimes gives heav> showers amounting to 
an inch or more in an lioiir or less. (From Cloud 
Atlas , p. 17). ^ 

In their origin, clouds and rain are essentially the 
results of one and the same physical process, namely, 
condensation of water vapour in the atmosphere. The 
real distinction between the two, however, lies in the 
difference in size, and hence in the rate of fall under 



Fig. 6. Cloud, as it was, before ‘dry ice* was dropped., 
(Photo taken during experiments in Australia). (From 
Nature, April 12, 1947, p. 489). 


gravity of the condensation products at the two 
stages, and it is this difference which explains why 
the clouds which consist of minute droplets compared 
with the raindrops, appear to float in the sky while rain 
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falls on the ground. The questions which arise in 
connection with this topic are (a) where does the 
cloud stage end and the rain stage begin, that is', 
what is the minimum size to which cloud particles 
must grow before these can start falling as rain ? and 
(b) why is it that the cloud elements in some cases 
grow to acquire the size of rain drops, and in others 
they do not? The fact that rain in some instances 
starts soon after the clouds develop, and in others no 
presentation results even with clouds persisting for 
hours, shows that the time factor is apparently not 
so important in the growth of clouds into rain. 

From experimental determinations and theoreti- 
cal considerations by various workers in his field, it 
is now generally accepted that the cloud stage con- 
tinues so long as the condensation particles do not 
attain a size bigger than 0*1 mm. in diameter, and 
rain in the shape of thin drizzle starts only when 
the diameter reaches the value 0*2 mm. Table I 
below gives the diameters and fall velocities of water 
droplets at the different stages of clouds and rain, 
while Table 11 Ogives the distances through which 
•water drops of different sizes must fall through an 
atmosphere, with mean temperature 5°C and relative 
humidity 00 per cent, before these get evaporated 
completely. 

TABLE T 

CoMI'VK VTl \ I- Sl/I S \M> K \u„ VM.ocmi-s ol vvkiors 

rvris <>i* co\m> \s\Tjos' pkoorcTs 

* Time taken m 



1 bameter 

Pall velocilx 

falling through 


Cni 

M/Sec. 

a height «»t 




1 Km 


/ 4 x 10 1 

5 x!0* 

More than 20 

Cloud particles .. 

I 1 X 10 ‘ 

3 X10- 1 

hours 

\ 2 X 10- 1 

1-3X10- 2 

1 hour 


l 1 X 10^ a 

2-6x10-' 


I)ri//lc 

2 Xl0- a 

7-Sx 10 - 

20 nuns 

Light rain 

4-5 X 10- 2 

2-4 

AIkuiI 8 mins. 

Rain 

1-Ox 10-’ 

4-0 


Heavy rain 

P5X10 ' 

{ 5-0 


Very heavy tain 

21x10 1 

: 6-o 


Cloud hurst 
Largest rain 

3-0x10 1 

i 7-0 

1 


drops 

5-Ox 10- 1 

j 8-0 

t 

A lx ml 2 limis. 


TABLE II 


1)1 STANCH OF 

FAU. MHFORF. 

COMPtKTK KVAPOKATION 

(Pressure 900 mb, temp. -f50°C, R.H. 90%) 

Diameter of ilrop 
Cni. j 

Distance of fall 
before evapora- 
tion 

2 

X10-' 

3-3x10- 4 


2 

x 10- a 

3-3 cm. 


2 

x 10-* 

150 metre 


2 

X 10“ 1 

42 kms. 


2-SxlO- 1 

280 kms. 



It will be seen from the above tables that, with 
cloud base not higher than 150 metres above ground, 
the smallest size water droplets, which can reach 
the earth's surface without suffering complete loss 
by evaporation, must have a diameter of at least 0'2 
mm, and that once the diameter of about 1 mm. is 
reached, at least some part of the water drops will 
reach the ground as rain or drizzle even if the cloud 
is rather high, provided the atmosphere below is not 
too dry or there is no strong upward current to resist 
the fall of the drops. One thus sees that the essen- 
tial pre-requisite for the development of rain from 
clouds is the condition which favours the growth of 



Fie. 7. View of the cloud, 13 minutes after discharge 
of ‘dry ice\ ( Nature, April 12, 1947, p. 4901 


the initial condensation products in clouds to the 
minimum size of 0*2 mm, and the question to be con- 
sidered is what this condition is, and the reason why 
the necessary condition is not fulfilled in all clouds. 
The matter has been studied very carefully and in 
detail, both experimentally as well as theoretically, 
by a number of eminent scientists, and, amongst 
others, the researches in this connection of Kopp, 
Kohler, Defant, Neideniorfer, and more recently of 
Bergeron and Findeiseii deserve special mention. 

The growth of the cloud droplets to bigger water 
drops has obviously to take place by ( i ) continuous 
condensation of water vapour on the original cloud 
elements or ( ii ) coalescence or co-agulation of a 
number of cloud particles or (iii) by a combination 
of both the processes. The possibility of either of 
the two processes operating in the clouds and thus 
helping the formation of drops of the required size 
to fall as rain was considered, but had to be dis- 
carded, as the necessary condition which would help 
such processes to occur on a large scale \ps, it was 



176 


SCIENCE AND CULTURE 


Vol. 14, No. 5 


thought, not satisfied in the cloud mass, as a rule. 
The problem of rain formation, therefore, remained 
much of a puzzle for quite a long time, until Bergeron 
in the early thirties of the present century propound- 
ed 'his Ice-crystal Theory of precipitation to explain’ 
the growth of the cloud elements, at least initially, 
by the process of progressive condensation. The 
theory of Bergeron gained further support by subse- 
quent work of Findeisen on the formation of ice- 
crystals and on the physics of their further growth 
under conditions obtaining in clouds. In brief, Ber- 



lin. 8. Cluuil, with the small anvil, fornicJ about 
20 minutes after discharge of ‘drv ice*. ( Nature , April 
12, 1947, ]). 490). 


geron's theory may be staled to be that precipitation 
of appreciable amount comes only from those cloud 
masses in which super-cooled water droplets and ice 
particles exist side by side at temperatures below 
freezing. This means that, according to Bergeron, 
rain falls from only such clouds as extend well above 
the freezing level. Bergeron’s theory is based on the 
physical fact that, at temperatures below 0°C, the 
saturation vapour pressure with respect to ice is less 
than that relative to super-cooled water, the order of 
difference in vapour pressures at different tempera- 
tures being as indicated in Table III below. 

TAHLK III 

Vapour pressure *nd relative humidity over in- \ni> 
water 

Temperature 0 -10 * 20 

Vttp. pressure over water 611 2*87 . P26 

Yap. pressure over ice 611 ( 2*62 1*04 

Humidity over ice re- i ; ! 

lative to water . . . 100 91 83 

Humidity over water J j j 

relative to ice ... j 100 j 110 j 121 


As a result of the above difference in vapour pres- 
sures in a cloud at a temperature of, say, - 10°C, 
with ice-crystals and water drops co-existing, the 
former, under condition of relative humidity of 100% 
with respect to water, will have round them a super- 
saturated atmosphere of the order of 10%, and will 
thus grow rapidly at the expense of the neighbouring 
water droplets. The larger cloud elements formed 
in this way will fall more rapidly than the smaller 
particles, and while overtaking such particles, ori- 
ginally at a lower level and somewhat higher tem- 
perature, will coalesce with them and form still 
bigger drops. Bergeron made a rough calculation ol 
the rate at which a cloud consisting predominantly of 
water drops would change into a cloud of ice parti- 
cles, assuming that there is one ice crystal to every' 
eight water particles, and obtained an estimate of the 
order of 15 to 20 minutes. The theory thus provided 
for the first time a reasonably satisfactory explana- 
tion for the speedy growth of cloud elements to rain- 
drops, to account for the heavy showers which some- 
times start almost immediately after the tall thun- 
derstorm cloud (Cumulo-nimbus) develops over a 
station. 

Observations of clouds and rain in Europe and 
other countries in extra-tropical latitudes lend a good 
support to the theory of formation ol rain, a^ advanced 
by Bergeron. It is quite a common experience in 
these latitudes to that an appreciable amount of 
rain falls from relatively thin clouds in the cold 
season, when the ice-nuclei level is low, while com- 
paratively thick clouds of the summer season fail to 
yield any precipitation. Again, the clouds which 
form the core of most of the raining or snowing cloud 
systems in high latitudes are Alto-stratus or Nimbo- 
stratus, and both these clouds extend into the ice 
layer and have ice flakes and snow crystals in their 
upper levels. The strongest confirmation of this 
theory — which, in a way, may also be considered an 
almost direct evidence in favour of Bergeron’s hypo- 
thesis — is the sudden release of precipitation as 
Cumulus clouds turn into Cumulo-nimbus. This pro* 
cess is almost invariably associated with the 'glacia- 
tion’ of the upper part of the Cumulus cloud, which 
occurs rapidly with the sudden release, as it were, of 
a trigger when the cloud top reaches a certain level, 
presumably the ice-nuclei level. As against these, 
sufficient evidence has, however, accumulated, which 
goes to show that quite heavy showers sometimes 
occur, especially in the tropics, from clouds, the tops 
of which are far below the ice layer. In India, during 
the monsoon season when the freezing level is often 
above 15,000 ft., it is by no means a rare experience 
to see rain falling from clouds whose tops are not 
higher than 10,000 ft. or so, and this experience, in 
recent years, has been confirmed by pilots of caircraft 
who, on ascending through some of the moderately 
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“to heavily raining clouds, report perfectly clear sky 
from their position at 10 to 12 thousand feet above 
sea level. Similar experience has been recorded by 
observers from planes taking meteorological flights 
and also other pilots of the United States oLAmeriea, 
who have quoted a number of instances in which rain 
showers of the spring season occurred in a cloud 
deck whose temperature was well above freezing, and 
that the rain was indigenous to that cloud layer. 
Thus, the present position of our knowledge about 
the formation of rain, vis-a-vis Bergeron-Findeisen’s 
Ice Crystal Theory of Precipitation, is that, while- 
measurable rain can and docs occur at times from 
clouds which do not extend to the freezing level 
and this is observed specially in the tropics and in 
higher latitudes during summer, when turbulence 
apparently plays an important part in bringing 
together cloud elements of unequal size and tempera- 
ture — the co-exisUiice of ice-crystals and water drop- 
lets in clouds, extending well above thd ice level, 
greatly facilitates the release of rain, and perhaps 
plays the most important role in the majority of 
instances in which moderate to heavy rain occurs. 
Once the position, as above, is accepted, many of the 
apparently anomalous features of rain formation from 
clouds begin to get clear to us, and we can see the 
reason why water droplets from such low clouds as 
Stratus do not reach the ground, and yet in summer 
large Cumulus or Cumulo-nimbus with base as high 
ns 5,000 ft. or more start giving rain soon after they 
form. 

Besides providing a very novel idea to meteorolo- 
gists regarding the theoretical background of the loi- 
mation of rain from clouds, Bergeron’s ice-crystal 
theory of precipitation has, in recent years, evoked 
very considerable interest of the public in general, 
and of hydrologists, irrigation authorities and agri- 
culturists, in particular, following the attempts that 
have been made by several countries during the last 
few years to apply Bergeron’s idea in connection with 
their experiments on artificial stimulation of clouds 
to produce rain. Considerable newspaper publicity 
has been given to reports about these experiments, 
especially from the U.S.A. and Australia, and lately 
reports have also appeared in newspapers in India 
about schemes for undertaking similar experiments 
in this country in the near future. A brief description 
of the general outline of the method followed in these 
experiments may, therefore, be of interest to the 
readers. 

The experimental procedure, as adopted by the 
workers in Australia, has been described briefly by 
Kraus and Squires. 1 The method followed there and 
alstf in most of the American experiments, as known 
at present, is based fundamentally on Bergeron’s 

A. 1 Natvw f April J2, 1947/ 


hypothesis about rain formation, and consists chiefly 
in the discharge, from aeroplanes flying above, of 
‘dry ice* (solid carbondioxide) pellets in the upper 
layers of clouds whose tops have temperatures below 
0°C. No details regarding the Russian method are 
yet known, but what can be gathered from a few 
press reports, the artificial stimulation of rain forma- 
tion in clouds is being attempted there by sprinkling 
particles of hygroscopic nature, such as, calcium 
chloride powder. 

Most of the- experiments, so far carried out in 
Australia, have been made oil well -developed Cumu- 
lus clouds, the parts of clouds chosen being those 
that have minimum depth of 5 to 6 thousand feet and 
whose tops reach a height of at least 2 to 3 thousand 
feet above the freezing level. The principle under- 
lying the dry ice treatment of these clouds to help 
rain formation is as follows : Natural Cumulus clouds, 
with tops having temperatures as low as 10°C or 
even slightly lower, often have no ice crystals in 
them, and consist wholly of supercooled water drops. 
The discharge in such clouds of dry ice powder with 
temperature of the order of — 70°C causes the- air and 
also the supercooled water particles in the clouds to 
he cooled by contact to a substantially lower tempera- 
ture than the initial and, as a result, the water drop- 
lets begin to get changed to ice. Chains of ice crystals 
appear in the clouds, which then begin to grow at 
the expense of the neighbouring water drops. 

In Australia, the experiments arc carried out in 
a simple and straightforward manner, without in- 
volving the use of any special apparatus. The main 
requirement is dry ice wliich is stored in large blocks 
in a double-walled chest. On a day on which well- 
developed Cumulus appears over the area, one or two 
blocks are taken out and broken into small pellets 
about a quarter inch in diameter which are then 
packed in bags and carried to aircraft to be used for 
the experiments. The plane takes off, and after 
making a thorough survey of the clouds selects the 
most favourable spot for the release x>f the dry icc. 
About two to three hundred pounds of dry ice were 
used in connection with the earlier experiments, but 
later trials show that a much smaller amount, viz., 40 
to 50 pounds apparently yields the same results. 
Kxperiments in Australia have been carried out on a 
number of occasions since the beginning of 1947, and 
in the majority of cases in which the injection A\ r as 
made in clouds, with tops at temperatures below 
5°C, the experiments have been reported to be 
successful. The success achieved in a few of these 
cases has been quite spectacular, there having been 
rain of considerable amount for ati appreciable length 
of time over the area in question as a result of .the 
experiment, although little or no precipitation 
occurred from identical type of clouds in the sur- 
rounding country-sides. Such successes were at 
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times associated with marked vertical growth of the 
cloud, — a development which is explainable on 
theoretical grounds as having been due to the heat- 
ing of the affected cloud layer as a result of liberation 
bf latent heat of fusion, and consequent growth of 
instability in the air layer above. An interesting 
feature which has been observed in connection with 
these experiments is that the interval, which elapses 
between the infection of the cloud bv dry ice and 
the development of rain patch within it, is usually 
about 18 to 20 minutes, which is in very good agree- 
ment with Bergeron’s estimate of the time taken by 
water clouds to get- changed into ice crystals. 

The rainmaking experiments, so far ’made, have 
yielded definitely promising results and we have now- 
no reason to doubt that, under certain favourable 
conditions, it is possible to facilitate development of 
rain in grow ing Cumulus clouds by planting suitable 
ice crystal * germs’ in them. A w'ord of caution is 
however necessary, lest any one should be led to think 


that the time has already arrived when it is possible 
in all circumstances to make a practical application 
of the results of the above experiments in solving 
problems of drought or scarcity of rain in any season 
in a particular area. It has to be remembered that 
ill getting the desired rain with the help of such 
experiments, we have to depend on Nature for deve- 
lopment of the suitable type of clouds and, f urth'ef , 
it is necessary that, as and when such clouds develop, 
we should be ready with our experimental arrange- 
ments and that we should be able to complete the 
experiments while the clouds continue in an active 
stage of development. It is most desirable that 
further intensive research in the laboratory and more 
and more Held experiments under different conditions 
of cloud development should continue to be made 
in different countries, to enable us to obtain a fuller 
and clearer insight into the physics of rain, and thus 
devise surer means of controlling effectively the yield 
of rain from clouds. 


CLOUD AND RAIN 

i 
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Introduction 

N° natural phenomenon k more familiar to man 
than cloud and rain, and it is generally believed 
that they are very simple in character. The descrip- 
tion usually given in a text book would be something 
like this : water from oceans, seas and other water 
surfaces, and land-features containing water, gets 
heated by the rays of the sun, some of it evaporates, 
and water vapour, being lighter than air, gets up 
vertically. (Some of it may be carried miles away 
by horizontal wind, but that does not matter). As 
the water vapour ascends, it gets cooled by expansion, 
and is then condensed in drops to form clouds. From 
clouds, whether they are stationary or carried by 
winds, rain is precipitated. The rain water again 
finds its way through streams and rivers and under- 
ground to the ocean and the cycle continues, year in 
and year out. 

But it is not realised that the passage from one- 
stage to the other, from evaporation to condensation 
of invisible water vapour in the form of minute drop- 
lets which compose clouds, and then coalescence of 
these droplets into rain drops, which are removed 
froth clouds by precipitation involve physical pro- 
cesses that have caused headache to physicists for 
centuries and are not as yet completely understood. 


The actual duration and completion of the cycle 
depends on many factors and they may be arrested 
at any stage. 

Rain is so important to mankind that many 
valuable observations, however desultory, have been 
made from times immemorial. People have observed 
that there may be intense, gruelling Heat day after 
day but not a speck of cloud is to be seen in the sky. 
Where do all the evaporated vapour disappear? If 
they ascend, as they must, why do not they form 
clouds? They may be carried by wind to other 
regions, but this is not the whole case. Then again 
clouds may pass one’s sky for days together or may 
stand stationary for days and nights without 
giving a single drop of rain. It becomes very 
tantalising especially when seasonal rain is expected 
and the yield of crops is dependent on timely pre- 
cipitation. Then sometimes, quite unexpectedly, 
there may be cloud-bursts over large regions, giving 
intense precipitation and causing devastating floods. 

People have wondered for ages about the vagaries 
of rainfall but rain is so important for human life 
that they could not remain inactive. In all ages jfyan 
has been trying to influence nature in their favour 
by all possible methods. The earliest ones were those 
of magic The African savages, even till* recency 
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had professional rain-makers, who at times when 
failure of clouds to shed rain became intolerable, per- 
formed magic rites accompanied by the blowing of 
horns to induce the spirit behind the cloud to shed 
the rains. If they were successful the rain-maker 
would be greatly honoured and in some cases might 
he made the chief of the tribe but if unsuccessful he 
would be as often sacrificed to appease the spirit 
behind the clouds. Similar rites were performed by 
other early people. 

In the Rigvedas, the oldest extant literature of 
the Aryans there are many beautiful verses describing 
the fight between the rain-god Indra who was also 
the king of Gods and the demon Vritra, who was 
supposed to hold up rains from clouds for days 
together, until Indra, by his thunderbolt would kill 
the demon, and the clouds would give benelicient 
rain. On the day of the summer solstice, the tradi- 
tional day on which monsoon was taken to burst, a 
high flag would be raised in honour of Indra. When 
a region would be visited with continuous drought for 
successive years, it would be ascribed to some sin 
committed by the reigning king or the people, and 
elaborate sacrifices used to be undertaken to appease 
tlie wratli of Indra.* 

The object of this article is to describe in simple 
language how these mysteries of rain have* been 
gradually cleared up, leading to the possibility that 
at no distant date, man will be able to control 
‘precipitation* and 'vveathei*. 

From Kvaporation to Condknsviton 

Let us now take the physical study of the cycle 
of phenomenon step by step. 

The first stages have been already described. 
The invisible water-vapour is condensed into 
‘droplets’ on account of a fall of temperature due* 
to ascent of the vapour. This may also happen on 
the ground when on account of fall of temperature 
a "fog” is formed. A fog is nothing but a lowlving 
cloud. When water-vapour is carried very high up 
by an ascending current of air directly into heights 

* Some of these tndiefs persist even now, for sometime 
ago, while the writer was a student at Allahabad, a curious 
case was reported in the local papers. There was a pro- 
longed drought, and a Mania who dealt in food-grains re- 
ported to the police that he was roughly handled by his 
co-villagers. The villagers said that the Mania had perform- 
ed .secretly some magic rites which consisted in getting an 
image of Indra buried underground, the objective being 
that Indra being absent, the clouds would pass without 
giving rain, the drought would he prolonged, and the Mania 
would get higher prices for his hoarded food-grains. The 
villagers therefore contended that they were justified in 
giving a good beating to the Mania which was needed to 
force him to show the place where the image of Indra was 
buried. They further, pleaded that it was successful, for 
when the Mania : was forced to point out the place where 
Indra was buried, they took out the image and propitiated 
^ with uuagic rites, and rains followed ! 
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where temperature is much below the freezing point, 
water-vapour condenses directly into ice-particles. 
High clouds composed of ‘Ice-particles’ show ‘Halos’ 
under moonlight, while ‘water clouds’ show under 
certain circumstances ‘rain-bows’. 

The general description does not explain many 
points, and attempts wore made in the last century 
by many investigators to elucidate them by laboratory 
experiments. The most extensive ones were made 
by Aitken in the later decades of the last century,* 
and by C. T. R. Wilson from 1897 to 1933. 

Cloud making in thk Laboratory 

What Aitken did was to expand suddenly a 
volume of air standing over a water surface contain- 
ing saturated water vapour into a larger volume. This 
is not exactly what happens in Nature, for when air 
saturated with water-vapour goes up, say to a height 
of 2 kilometers, the pressure falls and the* mass of air 
expands gradually in volume and the expansion is 
not large. In the- experiment, the expansion is 
sudden, and generally large. However in this as 
well as in the laboratory process temperature falls, 
the air now becomes super-saturated, that is, it con- 
tains more water vapour than it can normally do and 
the excess amount of vapour is expected to be con- 
densed in the form of small water droplets forming 
a cloud. This was actually found to be the case in 
the laboratory experiment ; but what surprised Aitken 
and other physicists was the fact that if expansion 
was done with the same air-mass in a limited volume, 
a number of times, then after a few expansions no 
fog would be formed even though these expansions 
were quite sufficient for producing super-saturation. 

This was traced to the surprising fact that du si- 
particles which arc normally present in air and are 
considered a nuisance are actually essential for the 
formation of a fog. In fact if the expansion experi- 
ments are carried out from the very start with dust- 
free air such as is obtained by sucking air through 
glass wool, no fog would be formed even at the first 
expansion. In the experiments of Aitken, ordinary 
air was taken which contains enough dust particles. 
After a few expansions these are all precipitated. 
The air becomes dust free and no further fogs are 
formed after expansion. 

The explanation of this surprising fact was 
speedily forthcoming. Lord Kelvin had shown in 
1870 from thermodynamical considerations that the 
saturation vapour pressure of liquids over a curved 
surface such as small drops of radius V was consider- 

* Aitken’s studies were first published in a tract ?*On 
Dust, Fogs and Clouds in 1880 . n In 1923, the results of 
investigations contained in this, and subsequent papers 
were published in the ‘Collected papers of John Aitken* 
edited by C. G. Knott, Cambridge. Other workers were 
Coulier (18751 in France, and Richarz in Germany. 
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ably higher than that over plane surfaces on account 
of the surface tension of liquids. The relation is 



2 T M 
r ROp' 


Eq. (1) 


where T — surface tension, P — density of liquid, 
iR — gas constant for the vapour, 0 — temperature 
(absolute), and p r , p# are the saturation vapour 
pressures over drop and plane surfaces respectively. 

For a water drop at 10°C, the values of p,/p<x> 
calculated from the above formula for different drop 
sizes arc given in Table I. 


TABLE I 

Values ok pi Ip a for drops ok water 


1 

r (cm) 

2x10- 8 

i 

io- T j 

10“' 8 

10~ 8 

Pr/poo 

316 2 

3 162 ; 

H27 

1-012 


This illustrates the need of existence of nuclei of 
condensation . The II 2 0-molecule has a radius of 
2 x 10 8 cms. Ordinarily in the process of cooling 
nearly 100 molecules of water must come together if 
they were to form a tiny droplet^ 10~ 7 cm. in radius. 
But this would not be stable, as the above figures 
show unless the supersaturation exceeds 31, i.e., the 
cooled atmosphere contains 3 times more water vapour 
than is given by the saturated vapour pressure curve. 
Til the absence of such supersaturation, the drop 
evaporates as soon as it is formed. But if a dust 
particle having a radius of 10“* cm. is present, water 
molecules depositing on it form a droplet of radius 
10~* cm. and now the super-saturation needed is only 
1T2 which is generally to be found in cooled air. 
So droplets formed by deposition of water molecules 
on dust particles will continue to grow. The labo- 
ratory experiments prove that some kind of conden- 
sation nuclei must exist if cooled water-vapour is to 
form fogs or clouds under atmospheric conditions. 

Atmospheric Nuclei— Cloud Formation in the 
Atmosphere 

What are actually these nuclei on which clouds 
are formed in the atmosphere? 

Dust is a very vague term which denotes minute 
particles of earth consisting mostly of sand or quartz 
particles carried upward by wind. In addition, there 
may be other type of particles which may act as nuclei 
for condensation. These are particles constituting 
smoke from industrial cities, particles of salt, like 
sodium chloride and magnesium chloride which are 
carried by wind over sea surfaces in the form of 
spray ; these evaporating in the atmosphere, leave 
nuclei of minute particles of salt. There may be, in 


addition, particles composed of oxides of nitrogen or 
SO.,, which are formed by the action of sun-light on 
oxygen and nitrogen molecules, or on sulphur nuclei 
which are found to exist in industrial areas. 

Some of these nuclei are hygroscopic, t.t\, can 
easily draw water to them. The super-saturation 
needed for formation of drops on these hygroscopic 
nuclei are much smaller than on dust nuclei. 

In fact, laboratory experiments show that hygro- 
scopic particles can gather moisture round them at 
relative humidities much below 100%. Owens 
(1926) has described occasions when nuclei began 
to draw moisture at a relative humidity of 74%. 

How do these particles grow under such condi- 
tions ? The earliest experiments carried out to 
answer this question were those of Kohler (1926) and 
the trend of his results is shown in Fig. 1, 



RADIUS 

I‘iG. 1 Size of condensation nuclei at different rela- 
tive humidities. 


This curve serves to show that condensation in- 
creases with rise of relative humidity slowly at first, 
but very rapidly when the relative humidity 
approaches 1(X) per cent, or exceeds this value. 

It is natural to ask at this stage to what extent 
condensation can proceed on hygroscopic nuclei and 
what will be the order of the size of a drop formed 
in this way. From our previous considerations we 
can try an answer to this question. In the initial 
stages of absorption of water vapour the saturation 
vapour pressure on the surface of the drop decreases 
with increase of size, but at the same time the re- 
duction of the salt concentration causes a rise in the 
saturation vapour pressure. Thus two opposing 
forces come into play on the surface of the growing 
nucleus and further condensation stops when the 
two balance each other. The maximum size of a 
droplet formed in this way has been estimated to be 
of the order of 10~ s to 10" 4 cm in radius which is 
usually the order of size of an atmospheric fog or 
cloud droplet. 

There is yet another factor which we have to 
consider while studying the physics of drop forma- 
tion. It is the effect of electric charge on the con- 
densation of vapour on a drop. J. J. Thomson 
showed that if a drop contains an electric chaise 'E** 
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the saturation vapour pressure on its surface is re- 
duced. The relation is given by 


log# = M ( 2T - R1 ) . 

Poo Mp\ r 8 *r 4 / 


Kq (2) 


where the symbols have the same meanings as in 
Kq(l). If we put the right-hand side of l?q(2) equal 
to zero, it is easy to show that for every value of 
the radius there is what is called a critical charge 
which will make p r — Pao » i.e.> it will reduce the 
saturation vapour pressure over the drop to that over 
a plane surface. 

The value of this critical charge calculated for 
different drop sizes is given in Table II. 


TABIJ* II 

Critical charc.ks for drops 


r (cm) 

4 x 10~ f 2 x 10 * 7 

4x10-*' 

Ox 10 

'12 X 10- 

i 

j :4x 10 

(charge) 

1 10 

10* 

w 

! u> ! 

i io u 


Wilson (1897) using his cloud-chamber demon- 
strated the role of electrically charged particles in 
forming condensation nuclei in a supersaturated at- 
mosphere. He sent a high-energy charged particle 
like the x-ray from radium through a supersaturated 
vapour and by strongly illuminating the chamber 
photographed the track of the <-ray inside the 
chamber. This was possible because in passing 
through the gases inside the chamber the X-ray owing 
to its tremendous energy knocked off electrons from 
the gaseous molecules and it was these electrons 
which because of their electric charge rapidly 
gathered moisture round them and formed the minute 
droplets which constituted the path of the < -ray under 
strong illumination. Because of high electronic den- 
sity, the saturated vapour pressure on the ions 
initially formed was considerably reduced and thus 
the supersaturation prevailing inside* the chamber 
was sufficient to produce rapid condensation on them 
to form the visible drops. 

What is the order of electronic charges that can 
aid rapid condensation of water vapour on atmospheric 
nuclei? Table II shows that the critical charge for 
a drop of radius 10~ e cm which is the order of the 
size of average nuclei in the atmosphere is as large 
as 130. Multiple electronic charges of this high 
order are seldom met with on nuclei in the atmo- 
sphere. There is evidence of multiple electronic 
charges on fog droplets and rain drops but the charge 
on atmospheric nuclei, at least in the early stages of 
condensation, seldom exceeds one electronic charge. 
It is, therefore, rather unlikely that the effect of 
electric charge plays any important part in the 
formatibn of cloud drops in the atmosphere. 


It is thus recognised that some kind of ‘Nuclei* 
is necessary for the condensation of water vapour into 
droplets which composes a cloud, but which kind of 
nuclei ‘quartz particles* (dust), NaCl crystals 
obtained from sea-spray, or nitrous-crystals, play the 
predominant part is not yet decisively known. 

Actual size of Drops in Clouds 

Further elucidation of the phenomenon depends 
upon our knowledge of the size of droplets forming 
clouds, and actual size and nature of the nuclei on 
which these droplets are formed. 

‘Clouds* denote a wide variety of types, from 
low-lying fogs or stratus clouds which seldom give 
any precipitation to heavy rain-clouds enormous in 
extent, and yielding large precipitation. Meteoro- 
logists have invented a system of classification, which 
has been accepted by the International Meteorologi- 
cal Committee and is published in the International 
Cloud Atlas. The classification depends mostly on 
external physical appearance, location in the atmos- 
phere and composition (whether they are made up 
of water-droplets or ice particles, or a mixture of 
both) (See Taylor, 276). The point we have to dis- 
cuss is why some clouds vanish without giving rain, 
while others give copious precipitation. 

This is answered by a closer study of the size 
of droplets forming clouds. 



Fio. 2. Abscissa : diameter of cloud drops in microns; 
ordinate : relative number of drops. (From G. F. 

Taylor, Aeronautical Meteorology, p. 261). 
jit 

Measurements have been made of the size of 
droplets forming clouds by aeroplane ascents and 
other methods. They are found to range, in radius 
from 10 to 60 microns, about a mean value of 20 
microns, in a fog, or low-lying stratus cloud. 
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The particles which are precipitated as rain have 
however much larger radii. They range in value 
from 100 microns (radius of drops constituting fine 
drizzle), to '4 of a centimetre. Drops larger than 
these generally get broken by air during the fall. 

The difference between clouds which hover, and 
disappear without giving any rain, and those which 
give rain is therefore entirely one of the dimension 
of the drops of which they are composed, the hovering 
clouds consisting of droplets less than T l s mm. in 
diameter, and the rain giving clouds consisting of 
larger drops. The cause is physically easily under- 
standable. As soon as a drop is formed, it begins to 
fall down, under gravity, but its fall is arrested by 
the viscous drag due to air. For very small particles, 
the rate of fall according to Stokes* law is given by 


V = 


9p 


where <j ~ gravitational acceleration , n = 


viscosity of the air and a— radius of the drop. A 
cloud drop 10 microns in radius falls with a terminal 
speed of 1*3 oms, and it takes more than 20 hours 
in falliug through one km. It, therefore, evaporates 
before it reaches the ground. The smaller the 
particle, the more slowly it falls, and, therefore, more 
quickly it disappears. 


For a particle % ram. in radius, the rate of fall 
is about 2 metres per second and such a particle would 
fall one kilometre in 8 minutes and would not 
evaporate. For larger particles, the Stokes* law would 
not be operative, and the particles would move with 
accelerated motion. Table III adapted from a paper 
by Simpson (1941) makes these points clear. 

The dividing line between cloud droplets which 
hover, but do not reach the ground, and the rain 
drops which reach the ground has been set by 
Simpson at r = T Vmm, but others put it at % mm. 


TABLE III 


Partjci,e sizes and thkik velocity and distance op pall 





— . 


Size of 
particles 
diameter 
(cm) 

Velocity of 
fall* 

(cm /sec.) 

Time of fall 
through 

1 km. 

Molecules (II 2 0) ... 

4 X 10"® 



Ions and Nuclei ... 

( 1 Xl0- ? 

( 1 Xl0-‘ 



Cloud particles 

( 4 X10-* 
i 2 x 10—® 

5xl0- a 

1-3x10° 

21 hours 

Drizzle 

2 X10-* 

78 

20 minutes 

Light rain 

f 4 5x10-* 

200 

80 

l 60x10-* 

260 


Heavy rain 

C 1-5x10-' 

500 

3-0 

l 2-0x10-' 

600 


Cloud hurst 

3-0x10-' 

700 

2*4 „ 

Largest rain drops j 

50X10-' 

800 

20 „ 


Formation of Ice-particles (Sublimation) 

Not all clouds are, however, made up of water 
droplets. Observations show that high level cirrus 
clouds, appearing at heights of 6 to 12 kms. where 
the temperature is below the freezing point, are com- 
posed mostly of ice-particles. Between clouds con- 
sisting entirely of water droplets, and those consist- 
ing entirely of ice-par tides, there are however many 
other types, composed partly of water droplets, partly 
of ice. The surprising fact is that clouds consisting 
even entirely of water droplets are found on high 
mountain tops and in aeroplane ascents even when 
the temperature is much below zero, and are found to 
be of the same size as the fog droplets. These drop- 
lets are ‘Supercooled’ and are therefore in unstable 
equilibrium. They generally transform themselves 
into ice-particles as soon as they strike against any 
solid obstacle, like aeroplane sides. 

How are these ice-particles formed ? Do they re- 
quire nuclei for condensation (we may call them 
sublimation nuclei) just as water-droplets do under 
atmospheric conditions? Why does not water vapour 
form directly into ice-particles when the temperature 
is much below zero, but prefer, as observations seem 
to show, into supercooled “water-droplets” which 
may persist indefinitely ?* These questions also 
occurred to Wilson in 1897 when he repeated. Aitken’s 
cloud-chamber experiments. It is only in recent years 
that these questions have been satisfactorily tackled 
by means of laboratory experiments. 

“It is assumed that the cloud-particles are 
actually liquid drops and not ice crystals, in spite of 
the fact that the condensation begins at temperatures 
much below the freezing point (-15°C) and the tem- 
perature when the particles are fully grown is, as we 
shall see, also slightly below the freezing point.** 

These laboratory experiments were taken up by 
Regener, and Findeisen in Germany and by Cwilong 
(1947) a Polish refugee physicist working in the 
Clarendon laboratory, Oxford, under Prof. G. M. B. 
Dobson, during the World War II. The results of 
Cwilong given below are highly interesting for all 
theories of cloud formation : 

The expansion chamber was placed in a cooling 
bath between 0°C and - 10°C, with a supercooled 
liquid water inside. The air was freed completely 
from dust. The following observations were 
recorded : 

(1) As long as the expansion was <1’25, no fogs 
were formed, even when the temperature in the 
chamber fell to as low a value as ~41 # 2 0 C. But when 
the temperature fell below -41‘2°C, a shower of 
ice-particles were formed. 


♦ Simpson (1923) records seeing in the Antarctic a fog 
or mist at a temperature of -29-5°C, producing a clear white 
rainbow. This rainbow requires for its formation a double 
reflexion within a sphere, hence the fog must have con- 
sisted of spherical water drops. 0 % 
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(2) When the expansion ratio was between the 
C.T.R. Wilson limits) 1 '25, but (1*38, only water 
droplets were formed as long as the chamber tem- 
perature is )-41'2°C. Apparently they were formed 
round negative ions. When T was ( -- 41'2°C ice- 
particles were also formed in addition to water- 
particles, and the proportion of ice-particles increased 
as the temperature was made lower. When the ex- 
pansion ratio) 1*38, the C.T.R. Wilson limit for con- 
densation on ions of all signs, and T<-41'2°C, 
dense fogs consisting both of supercooled droplets 
and ice-particles were formed. 



FlO. 3 Tempeiatiiri 1 -Dilleietirt* Rtfeel at ilitlerciit Air 

Temperatures 


With air containing dust, water droplets were 
formed at 32°C at small expansion, lmt when tem- 
perature fell below <-32°C, dense fogs containing both 
ice and water particles were found to be formed. 

On first considerations, the results appear to be 
highly puzzling and unexpected, but they have been 
found to be in agreement with cloud-observations. 







Fig. 4. Trail of ice crystals produced in supercooled 
cloud bv passing sewing needle colled below -40°C. 
(From Bull Amer, Met, Soc., April, 1948, p. 178). 


Further these observations have been confirmed 
by Schaefer (1948) working in the U.S.A., and form 
the basis of the widely-advertized method of artificial 
rain-making (vide supra, article by A. K. Roy). 

But this does not bring us to the end of our 
problems. The natural question is (i) Why in the 
absence of sublimation nuclei, water vapour does not 
form into ice crystals until as low a temperature as 
-41'2°C is reached? (ii) How does the introduction 
of some kind of sublimation nuclei help in the for- 
mation of ice-particles at temperatures higher than 
-41*2°C? (iii) What kind of nuclei are most effec- 
tive as ‘sublimation centres’ ? 

All these questions have not yet been answered 
satisfactorily and an attempt is made here to answer 
these. It is commonly said that water freezes into 
ice below 0°C, but Langmuir (1947) thinks that this 
is not a correct description of facts. Very pure water 
has been shown to be capable of being supercooled 
to ~50°C. A more correct description would be that 
once formed, ice cannot exist above 0°C. Langmuir 
thinks that the spontaneous condensation of water 
droplets into ice-particles below -41‘2°C can be ex- 
plained as follows : when we have a droplet of water 
of radius r, the pressure inside the drop due to sur- 
face tension — 2T/r ; if we consider a droplet formed 
of 12 molecules of water, 2T/r amounts to a pressure 
of 2000 atmospheres. Now Bridgmaun has shown 
that at about - 36°C, and 2000 atmosphere pressure, 
a variety of ice crystal called Ice II appears. This is 
probably what happens at -41'2°C. If 12 molecules 
of water vapour come together at these temperatures 
they form a unit crystal of Ice II, and once such a 
sublimation nucleus is formed, water molecules 
deposit on it, and the crystal grows. When it has 
grown sufficiently large, the Ice II transforms 
spontaneously into Ice I. 

As regards (ii) and (iii) f probably the presence of 
a sublimation nucleus, on which a crystal of ice 
grows, helps in the prevention of evaporation just as 
in the ease of water droplets. But experience has 
shown that all kinds of nuclei are not equally effec- 
tive, for injection of particles of quartz, salt, and 
many other substances were found to have no effect 
on production of ice-particles in supercooled spaces. 
Cwilong found that supercooled drops do not trans- 
form into ice crystals when deposited on surfaces 
of mica, even at temperatures of - 100°C but readily 
do so on zinc surfaces. Apparently the nature of 
the surface and the crystal structure of the subli- 
mation nuclei play a great role in this business. 

Vonnegut (1947) working in the M.I.T. labora- 
tories, found that crystals of Silver Iodide are parti- 
cularly effective in promoting the growth of ice crys- 
tals, and AgT-crystals are reported to have been suc- 
cessfully used in artificial rain-making. He was led 
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to the choice of Agl from his knowledge of prin- 
ciples of crystal growth that for the growth of crystals 
of some particular substance say water, substances 
possessing crystal lattices of similar structure and 
nearly identical dimensions are helpful, and minute 
dusts of such crystals, can act as very efficient subli- 
mation centres for crystal growth. 

From Cloud to Rain 

But how do the cloud drops, whether of water 
or ice, grow into rain drops? In Nature, the pheno- 
menon of condensation cannot help us much as it 
gives us particles which are so small that they hover 
and evaporate before reaching the ground. There 



4 


* 

" * 


Fig. 5. Ice crystals in chamber within thirty seconds. 

Upper left shows part of unseeded supercooled cloud. 

(From Bull. Amcr. Met. Soc., April, 1948, p. 179). 

must be some process by means of which the cloud 
droplets must grow into rain drops. Taking the 

average radius of a cloud drop at 20 /x, we find that 

more than 125 of them are required to form the 

smallest rain drop, 100 /x in radius. How does this 

take place in Nature, by coalescence, or by growth? 

These matters have been hotly debated amongst 
meteorologists and the following processes have been 
proposed for the growth of cloud droplets into rain- 
drops. 

(1) H YDRODYN AM ICAE ATTRACTION 

Defant (1905), from his measurement of rain drop sizes 
concluded that a large majority of rain drops he measured 
grouped themselves chiefly in the mass ratios 1 :2 :4 :8. 
Coalescence of droplets of the same size was given as the 
explanation of this observation. Schmidt (1908) attributed 


this grouping to liydrodynamical forces and showed that if 
two droplets of the same size fall side by side a reduction 
of pressure occurs between them according to the Bernoulli 
principle and the droplets collide after descent through a 
certain height. Stickley (1940) has used Schmidt’s original 
equation to compute the time required for collision using 
different values lor concentration of particles inside clouds. 
These computations showed that with an average cloud 
drop concentrations it will require more than seven days 
for drops of radii 10-* cm. to form and 75 days for drops 
of radii 10- 1 cm. Even in the case of heavy cumulus in 
which the particle density is normally very high, it was 
found that more than 3 hours are required for the formation 
of drops of radii of 10-* cms. and over 32 hours for drops 
of radii of 10- 1 cm. It, therefore, appears thaWhydrodyna- 
tnical attraction cannot be an effective factor to cause rain 
of any appreciable intensity in the atmosphere. 

(2) Keectricae Attraction 

It has been shown by Schmidt and Wigand from obsei- 
vations on fogs that electrically charged drops of the same 
sign do not coalesce and thus the uniformity of electrical 
charge is a strong stabilising factor. Drops with charges 
of opposite signs attract each other but Bjerknes and Ins 
collaborators (1933) have shown that even with abnormally 
high charges and with the droplets almost touching each 
other the forces of attraction are rather small. These 
workers have also shown that the electrical atti action due 
to induced charges under strong electrical field as in thunder- 
storms is also negligibly small. 

(3) COUISIONS DUh To TURBUU'NCh 

Arenberg (1939) has shown that collision e Herts result- 
ing lrom sudden change of velocity of an eddy turbulence 
in the atmosphere may he a very important factor in the 
growth of cloud elements into ram drops. When an eddy 
cloud suddenly stops, particles of varying sizes moving with 
the eddy continue to move forward though the main eddy 
has stopped. The motion occurs in such a way that the 
loss of kinetic energy of the particle must equal the work 
done by the viscous drag in the medium. The forward 
velocity ahead of the stopping eddy is, however, different 
for particles of different sizes. Arenberg calculated the 
distances that would be travelled by particles of different 
sizes and concluded that due to the path difference there 
would be numerous collisions to produce big drops. In an 
average cloud, particles of all sizes exist and therefore colli- 
sion would occur by eddy turbulence in the manner visualis- 
ed by Arenberg. It is possible that collision through turbu- 
lence is an important factor in tlic formation of rain. But 
in the absence of sufficient observational data, the matter 
is still one for argument. 

(4) Differences in size ok ceoud dropebts 

Non-uniformity of sizes of cloud elements can be an 
important factor in the growth of larger drops at the 
expense of smaller ones. Equation (1) v shows the equili- 
brium vapour pressure difference over drops of different 
sizes. Therefore when two drops of unequal sizes exist side 
by side the difference in saturation vapour pressure between 
them would cause evaporation of water from the smaller 
drop and condensation on the larger. The larger drop 
would therefore grow at the expense of the smaller till the 
resultant equilibrium vapour pressure between the two is 
adjusted to a mean between the two individual vapour pres- 
sures. In the atmosphere droplets of different « sizes are 
known to exist and it is therefore reasonable to 'hold that 
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the effect of non-uniformity of sizes of cloud elements does 
play a pari in the formation of rain but Bergeron has 
pointed out that the contribution from this effect, by itself, 
is not likely to produce precipitation of any greater inten- 
sity than a light drizzle. 

(5) Difference of temperature between cloud elements 

Saturation vapour pressure *»f water as normally defined 
varies with the temperature. Hence if droplets of differ- 
ent temperatures co-exist a difference of vapour pressure 
would exist between them which cause evaporation from 
the hotter particle and condensation on the cooler till the 
equilibrium vapour pressure between them is adjusted to a 
value intermediate between the original vapour pressure of 
the droplets. The difference in saturation vapour pressure 
for the same temperature difference between cloud elements 
varies, however, with air temperatures. Fig. 3 shows the 
effect in the form of three curves A, B, C. 

Curve A shows the temperature differences that would 
produce a saturation vapour pressure difference of 0 27 mb 
at different air temperatures; Curve B shows the same 
effect for a saturation vapour pressure difference of 0*13 
mb ; and Curve C shows the temperature differences re- 
quired for a saturation vapour pressure difference of 0*054 
mb at different air temperatures. 

It will be seen that at air temperatures above freezing 
a smaller difference in temperature between cloud elements 
is required to produce a given vapour pressure difference 
than at sub-freezing temperatures. In the actual atmos- 
phere, temperature difference between cloud elements occurs 
when different portions of the cloud are brought together 
by vertical mixing or when drops from the upper part of 
the cloud descends through the cold lower part. Reynolds 
showed that the difference may result from the radiational 
cooling of the top surface of the cloud or differential heat- 
ing by the Sun of different portions of the cloud. This so- 
called Rcvnolds-effect is probably an important factor in 
the formation of rain in the tropics where n temperature 
difference of the order of 2°C or 3°C between neighbouring 
cloud elements and intense vertical mixing through great 
heights occur frequently in cumuliform and stratocumulus 
clouds. 


(6) The Ice-Crystal Effect 

When drops of super-cooled water, and ice particles 
exist side by side, as in many clouds, it can be shown that 
ice crystals will grow at the expense of water droplets owing 
to a difference in vapour pressure. Run of saturated 
vapour pressure for the two phases down to -60°Q. is 
shown in Table IV. 


TABLE IV 


Saturation Vapour Pressures over water \ni> ice 


Temperature (°C) ... 
Vapour 1 ’res sure over 
water (mb) 

Vapour Pressure over 
ice (mb) 


0 

10 

-20 

- 

40 

60 

611 

2*87 

1 26 

i 

0*527 

O’ 189 

0*020 

6 11 

2 62 

1*04 

0*284 

01 29 

0*011 

i 


Suppose we have water droplets and crystals of ice at 
30°C. The S.V.P. of water is *527 mb, and that of ice 
crystals is *284. If the vapour pressure in the space is 
■400 mb, the space is undersaturated with respect to water 
(R.H.sr-75‘8), bnt supersaturated with respect to ice parti- 
cles (R.H.«14) so water drops will evaporate and ice par- 
ticles wilb>grow at their expense. 


Bergeron was the first to postulate in 1933 that in such 
a co-existence of water droplets, and ice-particles lies the 
answer to the growth of ice particles to a size, when they 
can reach the ground as ram -drops. According to him, rain 
is nothing but “melted snow". 

The Curve A e m Fig. 3 shows graphically the differ- 
ence in saturation vapour pressures over water and ice at 
different temperatures. It will be seen that the maximum 
difference, 0-27 mb, occurs at temperatures alxrnt - 12°C f 
below which the difference falls off rather slowly. Thus 
over a considerable range of temperatures in which super- 
cooled water drops and ico crystals are found to co-exist in 
flic upper regions of the atmosphere, the ice-crystal effect 
is probably the most potent factor to produce large drops 
of rain. 


Metkoroi,< m j ical Evidence 

Since 1933, there has bfcen a large body of 
evidence in favour of Bergeron’s Icc-crystal theory. 
Bergeron showed from considerations of colloidal 
instability in clouds that effects other than the Icc- 
crystal effect could not possibly account for precipi- 
tation of any greater intensity than light drizzle. 
Surely those could not explain the sudden release of 
heavy precipitation from Cumulonimbus clouds which 
is so common in all latitudes particularly in the 
tropics. Bergeron showed that the sudden release of 
heavy showers from Cumulonimbus clouds could be 
easily explained by his theory in that the upper 
portion of these clouds is almost always glaciated 
before heavy precipitation occurs. Bergeron also 
points out the example of winter rain in high lati- 
tudes from low and thin clouds and absence of rain 
from clouds of greater vertical depth in the same 
latitudes in summer or from winter Cumulus in low 
latitudes. The difference is due to the lower ice- 
liuelei level in high latitudes in winter. Bergeron 
maintains that any cloud from which appreciable rain 
is observed to fall must have contained ice crystals 
in its tipper parts. This means that in addition to 
the Cumuliform clouds, clouds like Nimbostratus or 
Altostratus which also give rain must contain ice 
crystals in those portions which are vertically deve- 
loped in relation to the general top surface and ex- 
tend into the layer of sub-freezing temperatures. Tee 
crystals falling from Cirriform clouds into layers of 
medium clouds, as shown by Marc’s tails or Virga, 
may also cause precipitation in accordance with 
Bergeron’s theory. Bnt by far the strongest evidence 
has been assembled in favour of this theory by 
Rtickley (1940) in America who showed from an 
analysis of 360 cases of reported rain observed by air- 
craft and on the ground that of the 324 effective 
observations practically all could be explained by the 
Tec-crystal theory. Only 10 cases did not appear to 
support the theory but upon detailed investigation 
even those 10 cases could be explained away by the 
Bergeron theory. 
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INSECTS AND MITE PESTS OF JUTE* 


G. M. DAS, 

JUTK AGRICULTURAL KKSKARCH LABORATORIES, DACCA, Iv. HliNC.AL 


JUTE is an annual plant belonging to the genus 

Corclwrus of the family Tiliaceae. It is grown 
entirely for its fibre which is of great commercial 
interest throughout the world. Only two species of 
Corclwrus , viz. , C. olitorius and C. capsular is are 
cultivated, the rest are wild. 

Jute is grown during the rainy season, being 
sown from late February to June, depending upon 
rainfall, type of land and varieties of jute grown. 
It becomes mature in four or five months* time and 
is harvested from July until September. 

During this period i.e., from the seedling stage 
up to the harvest the jute crop is subject to the attack 
of a large number of insect pests, including two mites 
(Acarina) which, though do not belong to the Insecta, 
are closely allied to them so far as their damage is 
concerned. Even, the seed crop is not spared by some 
insects. 

The pests of jute may be classified into two 
groups. — (1) Those responsible for deteriorating the 
quality of fibre and (2) those affecting the yield. 
This, however, is not a strict division, as the pests 
responsible for deteriorating the quality of fibre also 


* Paper read at the monthly meeting of the Zoological 
Society of Bengal, held on 26-1-47 at Calcutta 


lessen the yield to considerable extent, whereas those 
affecting the yield lower the quality indirectly. 

The first group comprises the stem-weevil and 
the stem-sucking insects ; the second group includes 
those which feed on the leaves or suck up the sap 
of the leaves, petioles and pods. 

The following is a list of jute pests recorded at 
Dacca : 


CURCULTONIDAE 

1. jute Apion 
BUPRESTIDAE 

2. Jute Bupreslid 
KUMOLPIDAE 

3. 

elatkridak 

4. Wire worm 


COLKOPTKRA 

(Apicon corchori Marshall) 
[Trachys pacifiea Ken) 
Pachncphorus bretinyhami Balj 
(Ay rioter sp.) 


Lepidoptera 


ARCTTIDAK 

5. Hairy caterpillar 

n< )CTuidae 

6. Jute semilooper 

7. 

8 . 

9. 

PYRALIDAE 
*’10. Jute Scopula 


(Dlacrisia obllqua Wlk.) 

(Anornis sabulifeta Guen) 
Lap hyy w a rxiy u a Him . 
Prodenfa litura Fab. 
Tarache crocaia Guen. 

(.S copula cm mis sa t ia Wlh . ) 
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Hemiptera 

COCCIDAE 

*11. Ferrlsia virgata Ckll. 

*12. Phcnautcats sp. 

*13. Black scale ( Saisseiia nigra Nietn.) 

MRMBRACIDAK 

*14. Two-horned hopper ( Otinolus clou gains, Distant) 


Thysanoptera 

*15. Thripidac { Ayyatia chactophoia Kartiy) 


and 71,65,535 bales respectively. Assuming that 
the damage even to the extent of 5 per cent on 
an average is caused by all these pests, the total loss 
in yield in the four jute-growing provinces is roughly 
estimated at 17,91,384 maunds in 1945. In other 
words, if jute crop can be saved from the ravages of 
pests, 17,91,384 maunds in yield could be increased. 

Biology of the Pests 


gryujdak 

*16. ('.hut Cricket 
ACRID! DAK 
17. Grasshopper 


TKTRANYCTIIDAK 
18. Red Mite 
TARSONKM1DAK 
*19 Yellow Mite 


( )RTUOPTERA 

(Unnliyhyprs at luit inns Stoll j 
(Alhachnnorpha ucnulaia Fab ) 

A CARINA 

( Tctrany chits bioailatus W.M.) 

( Ilemitarsonrmus lain , s Banks) 


Practically, very little is Tcnown about the jute 
pests. The only important article on some major 
pests of jute is by I,efroy (1907). Misra (1913) has 
recorded the red spider (Tctrany elms bioeulatus) 
on jute at Pusa. Some other important pests 
are briefly mentioned by Fletcher (1914), Lefroy 
(1906, 1909), Chowdhury (1913), and Woodhouse 
(1913). A few were also discussed at the Kntomo- 
logists* meetings held at Pusa (Fletcher 1917, 1919) 

The real status of many of these pests is not 
definitely known. Our study on the pests of jute 
not only records some new pests of great importance, 
but also j daces some minor pests in the list of major 
ones. 

As proper survey on the incidence and distribu- 
tion of jute pests and the extent of damage caused 
by them has not yet been carried out, it is difficult 
to estimate the loss caused to jute by these pests, 
but it is considered to be very heavy when both the 
quality and the yield are taken into consideration. 
An experiment designed and conducted at the Dacca 
Farm for three years on the extent of damage caused 
by some important pests viz., Anomis subulifera, 
Diacrisia obliqya , Laphygma cxigua and Hcmitar- 
Sonemus latus, recorded a loss in yield by about 20 
per cent. This does not mean that actual loss caused 
by the above mentioned pests is always the same in 
all jute-growing tracts, but it may be less or even 
more, as the extent of damage varies from place to 
place and year to year under different environmental 
conditions. According to final forecast, the acreage 
under jute in Bengal (before partition), Bihar, Orissa 
and, Assam was 21,03,955 in 1944 and 24,08,940 in 
*1945, the estimated total outturn being 62,03,205 
— — ^ * 

* New record as pests of jute. 

4 


1. Jute Apion (Apion Corchori Marshall) 

Apion Corchori Marshall, commonly known as 
the jute Apion, is a very serious pest of jute, as its 
damage affects the quality of fibre. It is widely dis- 
tiibutcd in all jute-growing areas of Bengal, Bihar, 
Otihsa and Assam and has also been reported from 
Madras. 

Nature of damage . — The damage is caused by 
the grid) which feeds inside the bark, damaging the 
fibre-bundles. The mucilaginous substance which 
oozes out as a result of injury, firmly binds the fibre 
bundles with the adjoining tissues together with the 
ex ci eta into a hard mass, which greatly resists retting 
and ultimately forms a knot. The fibre having such 
knots is known as “knotty fibre'* . In trade, the 
j presence of knots forms an important defect in fibre 
quality. 

The place of attack can be detected by the 
swollen appearance and dark discolouration in the 
stem. The shoot above the place of damage may 
wither and droop down, resulting in branching of 
the plant. 

( >f the two cultivated species of Corcltorus , the 
otitorius varieties are less susceptible. This might 
be due to the presence of higher percentage of tannin 
in them. The wild species are also more or less sub- 
ject to the attack. 

Life-history . — The female selects a place on the 
stem near the apex. It bores a hole with the rostrum 
and deposits an egg in the hole. Occasionally, the 
pod is also selected for oviposition. The maximum 
number of eggs laid by a female during an oviposition 
period of 124 days was 675, the highest number being 
13 eggs in a day. The incubation period during 
summer months is 3 days. The grub on hatching 
starts feeding on the tissues around it and may 
tunnel into the pith. It is light yellow in colour 
with light brown head, 2*85 mm. long and has a 
curved body. It pupates inside the stem in a rough 
chamber made of excreta. Duration of the grub stage 
is extremely variable, ranging from 8 to 18 days, 
according to nutrition available in the stem. The 
pupal stage lasts 4 days and the adult comes out 
through the hole originally made by the grub during 
feeding or by making a fresh hole. 
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The adult is a tiny insect, dull-black in colour, 
with the snout very conspicuous. It breeds through- 
out the season on jute, but from July onwards it 
1 refers to ovix>osit at the basal part of the stem. 
Triumjetta rhomboidea has been recorded as an alter- 
nate host of the pest (Das, 1944). 

2. Jute Buprestid ( Trachys pacifica Kerr) 

hike most of the members of the genus, the Jute 
Buprestid is a leaf-miner, occurring abundantly in all 
jute growing areas. 

Nature of damage. — The damage is caused by 
the larva which feed on the mesophyll of the leaf, 
leaving the two outer membranes intact. The 
damaged portion shrivels up, resulting in premature 
fall of the leaf. 

Life-history . — The female deposits the egg neat 
the margin of the leaf, especially at the tip. The 
egg is covered with viscous material which is ejected 
along with it, hardens on exposure and protects the 
egg from injury. A female can lay as many as 125 
eggs (luring the course of one month. The egg 
hatches in 3 or 4 days and the larva tunnels into the 
leaf tissues. It feeds on the mesophyll without 
damaging the outer membranes. The excreta is left 
[jll along the course of movement in such a way as 
to look like a net work of dark threads. The mature 
larva is maize-yellow in colour and 1/5 inch long. 
The body is compressed dorso-ventrally and the con- 
striction between the segments is well-pronounced. 
The head is conical and can be drawn into the greatly 
expanded prothorax. The larva becomes full-fed in 
6 or 7 days and turns into a naked pupa at the place 
where it stops feeding. The pupal period occupies 
4 days and the adult escapes by cutting an irregular 
hole in the upper membrane. 

The adult is a small beetle, 2'5 mm. long, with 
the body compressed dorso-ventrally. It has uniform 
colour, varying from light coppery hue to irridiscent 
blackish brown. 

It attacks the crop sodn after germination and 
continues to breed throughout the season. 

3. Pachnephorus bretinghami Baly 

Pachnephorus bretinghami is a small beetle, 
slightly bigger than the Jute Apion. It appears on 
jute in the month of June or July and feeds on the 
bark of the growing shoot, damaging the fibre- 
bundles. The damaged shoot develops a hard crust 
which resists retting and results in the formation of 
a peculiar kind of ‘barky* fibre. The pest also occa- 
sionally feeds on the petiole which dries up, result- 
ing in premature fall of the leaf. 


4. Agrioies sp. 

The larvae of this insect attack the root of the 
seedling jute. The attacked plants gradually wither 
away. 

5. Hairy .caterpillar (Diacrisia obliqua Wlk.) 

The hairy caterpillar, commonly known as 
bichha or sua-poka is a very widely distributed pest 
in India and has innumerable food plants. It is a 
major pest of jute and causes considerable damage 
to it. It appears on crop when it is about 3' high 
and ravages it for more than two months. 

Nature of damage . — The young caterpillars re- 
main gregarious for about a week and feed on the 
lower surface of the leaves and skeletonize them. 
Afterwards, they gradually disperse over the field 
when they devour the leaves. The caterpillars prefer 
mature leaves, but in case of bad attack, the plants 
are totally defoliated^ and even the top shoots are 
sometimes eaten up. 

Life-history. — The eggs are laid in clusters on 
the lower surface of the leaf. A female moth can * 
lay more than 1000 eggs in 3 or 4 nights. The eggs 
hatch in 6 days and the young gregarious cater- 
pillars skeletonize the leaves. After 6 or 7 days they 
gradually disperse and rapidly strip off the leaves. 
The mature caterpillar is 1J inches long and has an 
orange-coloured body, with both ends black. The 
whole body is covered with innumerable hairs. The 
caterpillar becomes full-fed in 14 to 20 days and' 
pupates under dried leaves or in crevices of the soil 
in a rough cocoon composed mainly of hairs and 
shedded skin. The moth emerges after 9 days. 

6. Jute semilooper (Anomis sabulifera Guen.) 

The jute semilooper, commonly known a Ghora - 
poka or Chhatka poka, is the most destructive pest 
of jute. It appears on crop when it is 2' high and 
ravages it for two months. It has three broods on 
jute but the second brood is responsible for causing 
more damage. 

Nature of damage . — The young* caterpillar on 
hatching starts feeding on the epidermal membrane 
of one side and mesophyll, leaving the other epider- 
mal membrane intact. As it grows bigger, the 
holes are eaten up and the edges of the tender leaves 
are bitten off. I v ater on, the apical leaves are re- 
peatedly eaten up, sometimes destroying the grow- 
ing shoot. In this way as many as ten plants may 
be damaged by a mature caterpillar in a day. Unless 
compelled the caterpillar refuses to feed on the older 
leaves, but in a bad attack, the plants are totally 
defoliated, leaving the bare stems standing in the 
field. 
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Repeated damages of the apical leaves check the 
growth of the plants and encourage side branches. 
Internodes at the place of attack become shortened 
and weakened. As the plants become branched, 
there is also loss of fibre at the time of extraction. 
Both olitorius and capsularis varieties are almost 
equally susceptible. 

Life-history . — Eggs are laid singly on the under 
surface of the leaves, distributed over a large area 
in the field. The incubation period is 2 days. The 
mature caterpillar is a typical semilooper, slender, 
green, having slightly yellow head with narrow dark 
green lines down the back and a wavy dark stripe 
along the side. It measures 1 % inches in length. 
The body bears short hairs arising from short white 
ringed black tubercles and possesses four well- 
developed and one rudimentary pair of prolegs. 
Larval period ranges from 9 to 15 days. Pupation 
occurs in a rough cocoon constructed by adhering 
dried leaves or soil particles with silk threads. The 
pupal period ranges from 6 to 8 days. 

7. Laphygma exigua Hubner 

This species is widely distributed and has a wider 
range of food plants. It is a very destructive pest 
of jute in the seedling stage. 

Nairn e of damage. — The young gregarious cater- 
pillars wd> up the leaves of seedling plant, 
and skeletonize them. The older caterpillars devour 
the entire leaves, and under favourable climatic con- 
ditions defoliate the plants. The pest never attacks 
any crop which is above one foot high. 

Life-history. — The eggs are laid in clusters 
covered with buff -coloured hairs on the under surface 
of the leaf. The maximum number of eggs laid by 
a female was 1278 with ail average of 461 eggs for 
thirteen moths. Incubation of the eggs takes two 
days during the summer months. The young cater- 
pillars remain gregarious for a couple of days and 
then spread over the field. The young larva is green 
having black head. The mature larva is variable in 
colour, greenish or pinkish brown, with a dark dorsal 
stripe and a broad pale orchaeous spiracular line 
measuring about 1 inch in length. It has five pairs 
of prolegs. The larval period occupies 13 to 16 days. 
Pupation takes place in the soil in an earthen cell. 
The pupal period lasts 5 to 7 days. 

8. Prodenia litura Fab. 

Prodenia litura is a widely distributed species 
and has a wider range of host plants, both cultivated 
and wild. It is a minor pest of jute but occasionally 
causes serious damage to it. 

Nature of damage . — The young gregarious cater- 
pillars skeletonize the leaves. The mature caterpillars 
strip off the leaves completely. 


Life-history . — The eggs are laid in clusters 
covered with buff -coloured hairs. A female moth can 
lay as many as 1,500 eggs in 3 to 5 nights. The in- 
cubation period is 3 or 4 days. The mature cater- 
pillar is about 2 inches long, with bright yellow 
dorsal and lateral stripes, each bordered by semilunar 
black spots. The caterpillar becomes full grown in 17 
to 21 days and makes a rough cocoon with the dried 
leaves, or burrows into the soil for pupation. The 
pupal period is 7 to 9 days. 

9. Tar ache croc at a Ouen. 

Tar ache crocaia has been recorded as 
minor pest of jute. 

10. Scopula emmissaria Wlk. 

The caterpillars of this species are found in 
numbers on jute almost throughout the season, but 
they cause negligible damage. 

11. Ferrisia virgata Ckll. 

Ferrisia virgata is a fairly common mealy 
bug and has been recorded in India on a number of 
host plants, assuming the status of a pest in some 
cases. It has been recorded for the first time as a 
pest of jute causing damage to olitorius crop, parti- 
cularly those plants which were under selfing-covers 
for experimental purpose. (Das, 1947). 

Nature of damage. — The damage is mostly caused 
by the nymphs which usually remain congregated 
around the mother and suck up the sap of the stem, 
pod, leaf and occasionally of the petiole (Das, 
Muklierjee and Sen Gupta, 1948). The injury caused 
to the stem results in the formation of wound-cork, 
due to which the fibre bundles resist separation at 
the time of retting. The wound-cork also remains 
sticking to the fibre. Actually, more damage is caused 
to the seed plants which do not put the usual number 
of pods. The infested pods also do not grow to the 
normal size, become deformed and remain abortive. 

Life-history . — The males are scarce and conse- 
quently parthenogenetic reproduction is a common 
phenomenon especially during the months of Septem- 
ber and October. The eggs are laid in an advanced 
stage of embryonic development and hatch in about 
twenty minutes after deposition. A female can lay 
as many as 1,000 eggs during an oviposition period 
of two to 'three weeks after which it dies. 

12. Phenacoccus sp. 

This pest is also very often found along with Fer- 
risia virgata . The damage is caused by sucking of 
the sap of the stem, pod, leaf and petiole. The dam- 
aged stem produces barky fibre. 
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13. Saissetin nigra Nietn. 

The black scale, Suisse Ha nigra very often 
attacks the mature plants. When a large number of 
them are present on the same plant, the plant looks 
sickly. 

14. Otinotus ctongaius Dist. 

This is a dull brown insect and can easily be 
recognised by a long posterior and two lateral thorn- 
like processes of the prothorax. The eggs are laid in 
the bark of the stem, cut being made in a number of 
rows, with the result that’ the bark sticks to the fibre 
bundles. The adults and nymphs also suck up the 
sap of the stem. 

15. Ayyaua chaelophota Karny 

This species sucks up the sap of the leaves which 
turn yellowish and fall of! prematurely. 

16. lhachylryprs potentosus Stoll 

This is a very common burrowing species and 
occurs abundantly in the plains of Bengal and Assam. 
It attacks the seedling crop and has been reported to 
cause considerable damage to jute during prolonged 
di ought. The seedling plants are cut at the base at 
night and are dragged into the hole. 

17. Attnutomo) pha crcnulata Fab. 

This is a very common hopper on jute. It attacks 
the young; plants and causes more damage to the 
olitouus crop than the capsularis. 

18. Red Mite (Tct uinychus bioculatus W. M.) 

Trtranychus bioculatus , commonly known as the 
red spider or red mite, though not a major pest 
of jute, is nevertheless an important one as it is res- 
ponsible for doing considerable damage under favour- 
able climatic conditions. It has a very wide range of 
food plants and is found throughout the year on 
different plants. 

Native of damage . — The damage is caused by 
the larvre, nymphs and as well as the adult females 
by repeated punctures and sucking of the sap of the 
leaves which ultimately become leathery, turn yellow 
and drop off prematurely. The capsularis varieties are 
more susceptible than the olitorius. 

Life history . — The eggs are deposited singly in 
shallow depressions near the midrib or veinlets. The 
egg hatches in 3 A days and the larva conies out 
through a slit at the side of the chorion. The larva 
has three pairs of legs, whereas the nymphs (proto- 
nvmph and deuto-nympli) and adults have four pairs 
of legs. The larval stage occupies 2 days and the 
nymphal stages 2 days. The males emerge earlier 
than the females. The adults arc scarlet in colour 


and can be seen briskly moving under a thin web of 
strands of silk on the under surface of the leaves. 

19. Yellow mite (Hemilarsoncmus lotus Banks.) 

The yellow mite (H emit arson emus latus) is a 
very destructive pest of jute. Owing to its minute 
size, it escapes the notice of the people and its damage 
is better known as a disease called ‘Telenga*. It is 
more prevalent in high land areas and causes more 
damage to the olitorius varieties than the capsularis . 

Nature of damage.-- The yellow mite attacks only 
the apical leaves which are still folded or just going 
to be unfolded. The damage is caused by sucking of 
the sap of the leaves which crinkle, curl over and 
drop off prematurely, resulting in shortening of the 
intern odes and encouraging side branches. The 
growth of the j slants is very much affected. 

Life history. — The eggs are laid singly in depres- 
sions of the leaf. The incubation period is only a day. 
The nymphal stage lasts one and a half day of which 
the active period covers more than a day and the 
quiescent period is 6-8 hours. The males emerge a 
few hours earlier than the females. 

Conclusion 

The control of jute pests presents a difficult 
problem. Firstly some pests pass the early stages of 
their life-history protected within the stem and leaf- 
tissues and as such are not affected by insecticides. 
Secondly, the insecticides to be used against some 
pests must have rapid action, otherwise there is every 
risk of chemicals being washed away during the rains. 
Thirdly, the cultivators are very reluctant to adopt 
such measures which incur some expenditure on their 
part, though it may prove profitable in the long run. 
All these points were taken into consideration before 
suggesting measures for the control of jute pests, and 
some measures were recommended after a good deal 
of investigation at this laboratory. The results were 
first placed at the ‘pilot developmental work* for large 
scale trials under cultivators* conditions, and were 
filially passed on to the cultivators for adoption, after 
modifications or additions wherever necessary. The 
measures recommended have not only been found 
effective but economical too, provided that they are 
adopted in time. 
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rpHIi phenomenon of “One creature destroying the 

life of another in order to sustain its own” is 
noticed in every sphere of life ; but it was the study 
on antagonism in mixed bacterial cultures that led to 
the present concept of antibiotics. The term is not 
yet very clearly defined, and is being used 1 for a 
chemical substance derived from or produced by living 
organisms which in small concentration has the capa- 
city to inhibit the life processes of micro-organisms. 
But if any such substance is to be used as a systemic 
chemotherapeutic agent, it must have certain charac- 
teristics such as : (i) a powerful and specific action 
against any bacteria ; (ii) activity even in the presence 
of body fluids such as serum, pus and cerebrospinal 
fluid ; (iii) resistance against tissue enzymes ; (iv) 
chemical stability ; (v) low toxicity ; (vi) ready assi- 
milability ; ( vii ) slow rate of excretion and (viii) 11011- 
induction for the formation of resistant bacterial 
variants. 

Sources 

In a search for antibiotics that may be of use in 
clinical medicine, surveys of enormous numbers of 
fungi, actinomycetcs, bacteria, lichens and even 
higher plants, have been made. But in most cases 
the products show no promise of being of use in 
medicine as they are often relatively inactive and/or 
are for the most part far too toxic. The most important 
antibiotics liow-a-days are penicillin isolated from 
Pcnicillium notaium-clu ysogenum, streptomycin from 
Slrcptomyces giiseus and tyrothricin from Bacillus 
brevis. Many lichen acids have been isolated from 
various lichens and have been found to be active 
against tubercle bacilli (c/., Barry and McNally 2 ). 
Similarly juices of many higher plants afford antibac- 
terial principle inhibiting the growth of various gram- 
negative pathogens, and even of Mycobacterium 
tuberculosis, but are quite toxic for animals. It may 
be said that although so large a number of anti- 
bacterial substances has been isolated in different 
countries from divergent types of fungi, seldom an 
antibiotic possessing all the necessary characteristics 
of a true chemotherapeutic agent has been found. 
From this it appears that the examination of the fungi 
has been in general disappointing . 3 Much interest is, 
however, being directed towards the study of bacteria 
as a possible source of antibiotics useful in medicine. 
Search may also be made in the plant system for the 
isolation of an antibiotic active against acid-fast orga- 
nisms. # In the meantime attention should be drawn 
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towards the synthesis of various chemotherapeutic 
agents possessing the structure akin to the natural 
antibiotics isolated from one or other source. 

Chemistry 

Penicillin which satisfies most of the requirements 
of a dependable chemotherapeutic agent is being 
claimed to possess the structure (I), where R re- 
presents different groupings giving rise to different 
penicillins all of which have been isolated and 
characterised. Table I shows the types of penicillin 
and their sources. The International Standard now is 
Penicillin G and the International Unit (cf. t Veldee 
cl al /) is defined as the activity of O ' 6 microgram of 
crystalline penicillin G as measured against one of two 
specified strains of Staphylococcus aureus, 

TABLE I 

Types of Natural Penicillin 
Name R Source 

Flavicin CH,CH=-CII.CH a .CH, A. flavus 

DihvdroF CH,CH, - A. giganteus 

V (I) CH 3 .CII 2 CII CH.CH, P. fwtatum- 

cht ysogenum 

O (II) Ph. CH 3 Do. 

X (III) (r>) HO. CJI,. CIT. Do. 

K (IV) CH^CHj Cfl 2 OH..CIP CIl a CI1 3 Do. 

Penicillin (G) has now been synthesised . 5 But 
the low yield and the tedious method required, indi- 
cate that it would take some time before the natural 
one would be faced with any competition with the 
synthetic product. But biological production too re- 
quires a large amount of equipment, materials, well- 
equipped laboratories and high engineering technique. 
Further evidence has been gradually accumulating 
that crude penicillin contains some factor in amor- 
phous condition which markedly enhances its biologi- 
cal activity. Differences in the chemical nature of R 
(Vide Tabic I) of the natural penicillin (I), of course, 
make them differ quantitatively in activity both in- 
vitro and in vivo (cf., Tompsett et al 6 ; Eagle and 
Musselman 7 ; and Hobby et al)*> but on chemical 
treatment all of them undergo similar changes. Thus, 
on acid hydrolysis penicillin gives an amino acid 
penicillamine (II) (^-dimethyl cystein), one molecule 
of carbon dioxide and an aldehyde (IV) . The carbon 
dioxide is obtained from penaldic and (III), the 
«t-carboxy derivative of penilloaldehyde (IV). The 
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synthesis of the penicillin G has been carried out by 
condensing penicillamine (II) with 2-benzyl-4- 
methoxy methylene 5(4) oxazolone (V). As both these 
constituents (II) and (V) can be modified, a number 
of penicillin like compounds can be synthesised. 
Work is already in progress in this direction in 
various countries. It must, however, be mentioned 
that the antibiotic activity is developed only when the 
cysteine derivative (II) is of the dextro variety (5). 


S 

/ \ 

R.CO.NII.CH-CH C.Me a 

I I I 

CO-N-CH.COOH 

(I) 

H 2 0 

-co a I 

K.CONH.CH.CIK) R.CO.NH.CH a .CHO 

I (IV) 

coon I 
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Streptomycin. — Although many actinomycetes 
and related forms have been studied for the isolation 
of antibiotics ( cf Burkholder 0 ) Strcptomyccs griseus 
has created special interest. It affords streptomycin 
of the formula C 21 II 3 ,,() 12 N,. t (c/., Kuclil ct al 1W ) which 
on acid hydrolysis yields streptidine ( 1 ,3-diguanido- 
2,4,5,6-tetrahydroxy cyclohexane) , N-mcthyl-gluco- 
samine and a monosc-streptose. The latter two is 
glycosidically linked to form streptobiosamine which 
is again linked glycosidically to tlic cyclohexane part 
of the antibiotic. The different entities of strepto- 
mycin are shown below : 


NH 

ii 

NH. C. NH a 


CH 

/ \ 

IIO.CII CH- 
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H,N. C. NH. CH H.C.OH 


II 

NH 


V/ 

II.C.O.H 
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O 


OHC.C.OH 

I 

-CH 


-CH 

I 

CH 0 CH 

I 

MeNH.CH 


Me 

Streptose 


H.C.OH 

I 

HO.C.H 


O- 


-CH 

I 

CH a OH 
N-raethyl glucosamine 


Streptomyces griscus however produces other anti- 
biotic not effective against gram-negative bacteria and 
whose constitution has not yet been revealed 
(Waksman, Scliatz and Reilly 11 ). 

Tyrothricin. — Quite a large number of antibiotics 
has been uncovered from the culture of Bacillus sub - 
tilis, brevis and other groups ; but their complex 
chemical nature has made their purification difficult. 
Tyrothricin from B. brevis has been more extensively 
studied and is being found to consist of 20-25 per 
cent of a complex cyclopeptide 12 of the formula 
Cu 8 H 210 Oo 6 N a0 with a high content of tryptophan, 
and 60 per cent of another amino acid complex of 
approximate composition C 126 H llift O 20 N 2 ,,. They are 
known respectively as gramicidin and tyrocidine, and 
their approximate composition would be evident from 
Table II. The activity of the compound tyrothricin 

TABLE II 


Gramicidin D 

Tyrocidine 



Nr), of 


No. of 

Component 

Residues 

per 

Component 

Residues 

per 


molecule 


molecule 

L-Tryptophan 

6 

L-Ornilliinc 

2 

D-Leucine 

6 

L-Proline 

2 

L- and D- Valine .. 

5 

L-Leucine 

2 

L-Alanine 

3 

L- Valine 

2 

Glycine 

o 

L-Tryptophan 

2 

Etliuuolaniine 

2 

Lr Tyrosine 

2 



L-Aspantic Acid 

2 



LrGlutamic Acid .. 

2 



Labile Ammonia 

3 



D-Phenylulanine .. 

3 


may be due to the inhibition of bacterial growth on 
the grounds of structural similarity with essential 
metabolites. The occurrence of dextro variety of 
amino acids may be noticed in both the peptide parts 
of the antibiotic— Tyrothricin. 

Chemical nature of other antibiotics . — The suc- 
cess of penicillin in clinical therapy set various 
scientists all over the world on the task of finding a 
still better antibiotic. For this extensive investiga- 
tions have been carried out only in vain to find out 
anything better than penicillin. A study of the 
various antibiotics has, however, revealed the nature 
of chemical linkages that are responsible for the in- 
hibition of the growth of the bacteria. The antibiotic 
activity of Kojic acid, 5-hydroxy-2-hydroxymethyl 
-y- pyrone (VII) which was first isolated by Salto 13 as 
a by-product of the fermentation of steamed rice by 
Aspergillus oryzee and whose constitution was estab- 
lished by Yabuta 14 as early as in 1924, has been found 
by Morton 1 ® el al to be weakly active against a large 
number of gram-positive and gram-negative %acteria. 
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It is also toxic to laboratory animals and man. 
Another substance isolated from Aspergillus flavus 
is aspergillic acid (VIII ) 16 and is active even against 
human strains of Mycobacterium tuberculosis. Several 
species of Aspergillus as well as of Penicillium afford 
a product known under the names of Clavacin, Clava- 
tin, Patulin, Expansin or Claviformin in different 
countries. It has been extensively studied and chemi- 
cally is found to be an anhydro-3-hydroxy mcthylenc- 
tetrahydro -y-pyrone-2-carboxylic acid (IX). The 
above fungi also produces pcnicillic acid (X) which 
is somewhat toxic but effective against both gram- 
negative and gram-positive bacteria. 
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>C.CO.C-CH.COOH 
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CH, 
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AAco ocAY\ 


'V'X^Xdi AA/ 

OH Cil2 OH 
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Besides these many couinarines, flavones, 
quinones and substances containing unsaturated lac- 
tone structures have been found to exert some anti- 
biotic activities. Amongst these 3, 3 '-mythylencbis 
(4 hydroxy coutuarin) (XI), has marked antibacterial 
action against various gram positive bacteria 17 but it 
is inactivated by cysteine 18 . The compound is better 
used as a synthetic anticoagulant (cf. Dhar and 
Basu 19 ) in order to reverse the throinboplastic effect 
of penicillin and streptomycin. 

Another type of compound is being isolated from 
a study of the antibiotic properties of certain lichens 
(cf., Stoll et al 20 ). Usnic acid, C J8 H 16 0r m.p. 193- 
194° isolated from 15 species of lichens is being found 
to be active at a dilution of one part per million. Mar- 
shak et al n have again isolated another crystalline 


monobasic acid from lichen Ramalina reticulata which 
is again active against a wide variety of acid-fast 
organisms. Tuberculostatic activity has also been 
noticed 22 in the derivatives of diploicin (XII) isolated 
from the lichen Buclla canesccns . These suggest a 
thorough examination of lichen acids. 


Cl V.Xi .3 VJ 

(XII) (XIII) 

Researches of Cavallito ct al , 23 Rao et al 24 and 
Basu and Sen Gupta , 78 i;eveal that antibiotic 
substances may be isolated from common plants onion 
and garlic. Garlic cells contain a substance which 
is rapidly broken down to the active agent — a colour- 
less oil. Similarly investigations of Seigal and 
Holder 38 on buttercups have led to the isolation of a 
simpler antibiotic substance in protoanemonin, 
C\H 4 0 2 (XIII) which Baer et al 37 have extracted from 
the plant Anemone Pulsatilla. Another type of anti- 
biotic substances is being noted in chlorophyll as 
isolated from higher plants (cj. f Bose and Sen 
Gupta 2 *). The observations of Bose 29 on the presence 
of a thermostable substance active against both gram- 
negative and gram-positive bacteria in the extracts of 
Polystictus sanguineus, suggest a study on the basi- 
diomycetes too. 
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Synthetic Formation 

Many antibiotic substances are very toxic to 
animal tissues and have other disadvantages too. It 
would naturally be of much interest if some non-toxic 
active component may be synthesised that would be 
lethal to the etiological agents of some diseases parti- 
cularly tuberculosis, diphtheria and typhoid fever. 
For this apart from the structures of known anti- 
biotics the mode of their action in inhibiting the 
microbial growth should preferably be established. 
A widely accepted theory suggests that many anti- 
biotics function chiefly because of their ability to in- 
terfere with the sulphydryl groups of enzymes con- 
cerned in bacterial metabolism 30, 31> 32 . They also 
interfere with the bacterial respiratory systems and 
thereby inhibit the synthesis of essential cell com- 
ponents. Often they deprive the mineral requirements 
of the organism 33 . Researches of Geiger and Conn 31 
Cavallito and Haskell 84 , and Rinderknecht ct al 35 on 
a/J-unsaturated ketone type of antibiotics (Clavicin 
IX, penicillic acid X) and that of Geiger 36 on certain 
quinones show that the mode of action of gram-posi- 
tive organisms differ from that of gram-negative 
organisms. It appears, therefore, that the antibiotics 
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interact with a number of enzyme systems or meta- 
bolites essential to the bacterial cell. 

With all the above knowledge and with the 
examination of many naturally occurring antibiotics 
we will have a broad pattern of the types of substances 
that would fall in the above group. The presence of 
unsaturated lactone or lactam ring carrying ethylenic 
or carbonyl radical, methoxy or other ether group 
attached to the unsaturated C-atonf of the ring, the 
influence of alkyloxy, hydroxy or chlorine group, and 
in short some sort of association of resonance in the 
molecule have so far been noticed. It may now be 
expected that with a little more knowledge of these 
linkages and groups, chemists would be able to pre- 
pare newer antibiotics possessing all the merits and 
none of the demerits of natural antibiotics. 
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INCIDENCE OF SMALL-POX IN CALCUTTA AND ITS 
DEPENDENCE ON SEASONAL FACTORS 

MAHABIR RAY, 

STATISTICIAN, CALCUTTA CORPORATION 


TT is well-known that small-pox breaks out in the 
City of Calcutta in a more or less explosive form 
with the advance of winter, continues increasing in 
the cold season and gradually falls off as the summer 
advances. Every season is not, however, an exact 
repetition of any other so that the growth and decline 
of the disease may be accelerated or retarded by 
weeks. An attempt is made here to determine the 
influence of the various seasonal factors on the 
occurrence of small-pox (attacks and deaths) in 
Calcutta and also to predict, to a limited extent, the 
course of the disease from a knowledge of the seasonal 
factors prevailing in the period under investigation. 

Certain assumptions have to be made to simplify 
the complexities of the problem and the typical course 
of the disease furnishes a pointer to them. When a 
person is infected no visible signs of infection appear 
for the next twelve to fourteen days, after which fever 
sets in and on the third or the fourth day of fever the 
characteristic eruptions of small-pox appear ; if the 


patient dies, he dies after twelve or thirteen days 
more, assumed to be the average period ; so that a 
small-pox death is the result of infection contracted 
about a month or four weeks earlier. Thus the 
number of deaths or the death-rate in a given week 
or month will depend on the seasonal factors, pre- 
vailing about four weeks or one month earlier, the 
subsequent seasonal changes being supposed to have 
no effect on the course of the disease. The assump- 
tions are : 

(1) If there is a sensibly constant case-fatality 
rate in a given year so that the number of deaths in 
a week or month will be proportional to the number 
of attacks about four weeks or a month earlier, then 
from the numbers of deaths we can compare the 
numbers of attacks. As the data of attack from this 
disease are admittedly an under-estimate, some such 
assumption is necessary if we decide to study the effect 
of the seasonal factors on the number of attacks. 
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(2) (a) Vaccination has undoubtedly a preventive 
effect on this disease but on account of the predilec- 
tion of the people at large for getting themselves pro- 
tected only very late when the disease has already got 
a firm foot-hold and on account of vaccination not 
being immediately effective, the disease has a start of 
several weeks before vaccination is allowed to make a 
headway, so that one year’s vaccination has hardly 
any appreciable effect, except perhaps at a late stage, 
on the attack-rate and death-rate in that year. The 
effect of vaccination has in most of the Tables been 
neglected. 

(6) Besides, the abnormal conditions and the 
absence of an epidemic of small-pox in the City during 
1946-47 (due to the vaccination campaign conducted 
by the Corporation and A.R.P. staff during 1945-46) 
were not conducive to a successful vaccination season. 
Targe numbers of people, mostly without the benefit 
of vaccination, have swelled up the population of 
21 lacs (1941 Census) to more than double its bulk. 
Hence where vaccination has been taken into account 
(as in the last two Tables) the proportion of unpro- 
tected people at the start of the epidemic has been 
taken as unity. 

(3) Uniformity of infection with uniform popu- 
lation density lias been assumed, the physical crite- 
rion being that, at any stage, the attacked persons 
should be uniformly distributed over the uniformly 
populous area in question. This is, however, very 
rarely the case in a big city like Calcutta and even 
in a restricted locality like a particular ward. In the 
season 1947-48 Wards 5 and 20 served as the foci of in- 
fection and the disease subsequently spread mainly 
to the contiguous wards. Hence the numbers of 
death or the death-rates obtained by calculation for 
the whole City on the hypothesis of uniformity of 
infection are an under-estimate but tend, in general, 
to show the growth of the disease. 

(4) The simplest assumption has been made that 
the relation between the number of deaths or the 
death-rates and the various seasonal factors are given 
by 

y-*y^b 1 (x l ~x 1 ) +b 2 (x 2 ~x 2 ) + b n (x 3 ~x s ) fc + . . . 
or y-y=r- \b 1 (x l -x 1 ) + b 2 (x 2 -x. 2 ) + bz{x :i -Xi)+ . .} p n 
where 

y = death-rate or the number of deaths four weeks 
or a month later, x lt x 2t x s> . . . . are the values of 
the seasonal factors, the figures under bar denoting 
the respective means, />= proportion of people un- 
vaccinated, and n= a suitable integer. 

In the following investigation, Mean Temp, and 
the Variation in Temp. have been the two seasonal 
factors chosen on account of the high degree of corre- 
lation between these and the other relevant factors 
like Humidity etc. and also on account of these two 
data being most easily available. 

g i i JBLm mi 

• Roman letters indicate a bar ( — ) above the letter. 


TABLE 1 

Monthly data for Calcutta (1944-45) 


(y) 

(x.) 

(X,) 

April 

600 

83-7 

19*3 

May 

2*60 

89 1 

15*7 

June 

1*90 

889 

16*5 

July 

100 

84-4 

10*2 

August 

0 44 

84*2 

106 

September 

0*52 

85*5 

12 1 

( )ctober * 

083 

81*3 

13*7 

November 

3*30 

i 74*5 

23*5 

December ... ... j 

6 90 

| 70*5 

246 

January ... ... , 

6*50 

i 65*9 

23*6 

February ... ... 1 

6*40 

1 71*8 

25*8 

March ... ... 1 

2*62 

j 830 

234 

y = Death-rate due to small-pox in- 

Calcutta in the succeed- 


ing month. 

x, ~ Mean temperature, averaged over the month in question. 
x 2 - Variation in temperature, averaged over the month. 


The predictive equation is 
y- y= b l {x 1 ~Xi) +M* 2 - x a ), 
where the values obtained are 

6a— - 0 0901 with s.e, = 00819 
b 2 = 0 2787 with s.e, =0*1074 
Here 6 X is not significant while b 2 is significant 
on 5 per cent level. The total correlation coefficient 
between y and x x is -0*736, that between y and x 2 
is 0*838, both of which are strongly significant, but 
the partial correlation coefficient between y and x u 
eliminating x 2 , is -0*342, not significant. 

It thus appears from the data given that an in- 
crease in the value of the Mean Temperature Varia- 
tion in one month causes the death-rate in the subse- 
quent month to increase but that an increase in the 
value of the Mean Temperature, though tending to 
pull down the death-rate, affects the rate mainly 
through its influence on the Temp. Variation. 

TABLE 2 

Monthly Data for Calcutta (1947-48) 



(y) 

(x,) 

(X.) 

March 

1*164 

81*9 

21*6 

April 

0 603 

89*4 

199 

May 

0*318 

88*7 

166 

June 

0*159 

87*3 

13*1 

July i 

0*084 

84*9 

10*2 

August ... ... j 

0063 

84*6 

10*1 

September ... ... ! 

0 039 

85*2 

111 

October 

0*102 

820 

13*9 

November ... 

| •1*563 

760 

22*7 

December 


690 

20*8 


•(Provisional Figure). 

Here 

y -Deathrate (on an estimated population of 40 lacs) in 
the succeeding month. 

x,«Mean temperature averaged over the corresponding 
month. 

Variation in temperature averaged over the corres- 
ponding month. 
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The predictive equation is 

~x,)+b a t*2--x a ) 

where the values are found to be 

-0 0464 with s.e.=0*0l41 ; 
b 2 = 0*0886 with s.e. =0*01 18 ; 

The total correlation coefficient between y and x x is 
-0*633 while that between y and x 2 is 0*934. The 
partial correlation coefficient, eliminating x 2 , is 
-0*874, and that, eliminating x Xt is 0*974, all the 
values being highly significant. 

Substituting the values of the b's } the predictive 
equation becomes 

y = 3*002 - 0*0464#! + 0*0886#, 

Projecting the equation forward by one month 
we find the calculated number of deaths for January = 
549, an under-estimate -in view of the assumption (3). 

Considering the exponential law and replacing 
y by c v , we find that 

(>!= -0*1555 with s.e. = 0 0372 and 
b 2 = 0*1753 with s.e. = 0*0310. 

The b’s are both significantly different from zero. 

The regression equation becomes 
e y = 1 2 '2685 -0*1 555# + 0*1 75&r 
and the expected value for January is 548, a not 
sensible improvement over that obtained by the 
simpler hypothesis. 


thesis of inverse linear, quadratic and cubic power 
of p. The columns (*J and (x 2 ) give the Mean Temp, 
and Temp. Variation, averaged over the corresponding 
week-ending. 

The four predictive equations are taken to be 

(1) y-y=M*i-x 1 ) + b 2 {x 2 -x 2 ) 

(2) y~ y'= - Xi) + b 2 f (x 2 -x 2 ) 

(3) y' f - y"= b l h {x 1 -xj + b 2 "(# a -x a ) 

(4) "(*!»- Xl )+b/'(#, -x,) 

where y~-py t —p 2 y l, ~p*y ,fl 
and the values obtained arc 

(1) b, = —2*82 with s.e. = l*26, b 2 = + 3*04 

with s.e = 1*35 

(2) b/=~ 3*22 with s.c = l*32, b 3 '= +2*94 

with s.e =1*42 

(3) b/'=- 3*55 with s.e=l*37, b/= +2*86 

with s.e =1*47 

(4) 1)/"= —4*02 with s.e. = 1*43, b 2 '" = * 2 66 

with s.e = 1*54 

The corresponding predictive equations are 

(1) y= 193*0 - 2*82#! + 3*04# 2| giving the 

value in Col (C) 

(2) y =-227*0 — 3*22#! +2‘94# a , giving the 

values in Col (C') 

(3) y / = 255*0 — 3‘55#i +2*86# 2 , giving the 

values in Col (C")) 

(4) y"=2 97*0-4*02#, +2*66# 2 , giving the 

values in Col (C' /J ) 


TABLE 3 


Week-endings 

<M 

(y) 

<y') 

(y") 

(y'") 

(xj 

(*») 

(C) 

(CO 

<C") 

(C"') 

11-10-47 

100 

1 

1 

1 

1 

85*5 

130 


-10 

- 11 

-11 

18-10-47 

1*00 

3 

3 

3 

3 

82*4 

12 0 

-3 

- 3 

-3 

—3 

25-10-47 

100 

7 

7 

7 

7 

80-2 

13 3 

11 

11 

11 

12 

1-11-47 

0-998 

11 

11 

ii 

11 

77*9 

190 

31 

32 

33 

•34 

8-11-47 

0 995 

16 

16 

16 

16 

79*8 

20-4 

30 

30 

30 

30 

15-11-47 .. ! 

0 993 

41 

41 

42 

42 

770 

22 0 

43 

; 44 

45 

46 

22-1 1-47 .. ! 

0 981 

1 75 

77 

78 

79 

! 74*5 

1 25*0 

39 

61 

62 

64 

29-11-47 

0968 

51 

53 

54 

56 

73*0 

24 0 

! 60 

63 | 

| 64 

j 67 

6-12-47 

0-950 

94 

99 

103 

108 

715 

25*0 

! 67 | 

70 

; 73 

| 76 

13-12-47 

0937 

62 

66 

70 

74 

68*4 

25*3 

77 

81 ! 

85 

89 

20-12-47 

0912 ! 

50 

55 

59 

65 

690 

16*0 

49 

52 

56 

62 

27-12-47 

0*877 | 

1 i 

(59) 

.... 



68*7 

15*4 

(46) 

(51) 

(55) 

(62) 


This Table comprises the weekly mortality figures 
(due to small-pox) in the column headed y for 
Ward 5 only for the fourth week-ending after the 
corresponding week-ending stated in the initial 
column, the column headed p gives the proportion 
of people unprotected in Ward 5 in the corresponding 
week-ending : (here the vaccination done by the 
Corporation staff only has been taken into account, 
as the ward distributions of the vaccination work 
done by others are not available). The column 
headed C gives the calculated number of deaths 
ignoring the effects of vaccination while the last three 
columns give the calculated number of deaths, 
eliminating the effects of vaccination, on the hypo- 


It appears, however, from the calculated and 
actual figures for the two week-endings 6/12/47 and 
13/12/47 that the locally maximum value has been 
displaced by one week. Hence in the following Table 
the mortality figures due to small-pox in Ward 5 
were taken for the third week-ending after the 
period in the initial column. 

This Table is a re-arrangement of the previous 
Table. It may be added that the effect of squaring 
p is, for large values of p in the neighbourhood of 
unity, the same as assuming that the proportion of 
vaccinated people is double that taken in calculating p. 
This accounts for, to a certain extent, the unknown 
proportion vaccinated by outside agencies. 0 



November, 1948 


NOTES AND NEWS 


197 


TABLE 4 . 


Week-ending 

(p) 

<y) 

(y') 

(y") 

(*,) 

(*a) 

(C) 

(C'> 

(C") 

8-H-47 

0 995 

11 

11 

11 

798 

20-4 

4 

Neg. 

Neg. 

15-11-47 

0 993 

16 

16 

16 

770 

22-0 

25 

Neg. 

19 

22-11-47 

0 981 

41 

42 

43 

74*5 

250 

49 

49 

45 

29-11-47 

0 968 

75 

77 

80 

73-0 

24-0 

58 

56 

53 

6-12-47 

0-950 I 

51 

54 

56 

71-5 

250 

67 

69 

66 

13-12-47 

0 937 

94 

100 

106 

68-4 

25-3 i 

86 

91 

89 

20-12-47 

0-912 

62 ! 

67 

73 

690 

16 0 

57 

62 

61 

27-12-47 

0-877 

50 

56 

62 
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15-4 

57 

62 

62 

3-1- 48 * .. 

0-850 
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(90) 

10-1- 48 

i 

0 837 




68-8 
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i 

... 



Taking; the UMial form of the predictive equation 
we find that 

(1) 6,- - 6 054 with s.e = 1 ‘302 ; 4-2776 

with s.e= 1*344 

(2) 6/- -6611 with s.e=-t*321 ; b 2 '= 4-2*677 

with s.e= 1*363 

(3) 6," = -7*174 with s.e- 1*916 ; b a "= 4-2*552 

with s.e= 1*978 

The pedictive equations take the forms 

(1) y = 430* 13- 6*054 r, 4-2 776x' 3 , giving the 

values in Col (C) 

(2) y f -475 0-6*611^*! 42*677*2, giving the 

values in Col (C') 

(3) v"- 516*0-7*174.1,4-2 522.^, giving the 

values in Col (C") 
based on which the calculated values in the last three 
columns have been found. 


The conclusions arrived at are : 

(1) The fit between calculation and observation 
taking vaccination into account is not better than 
that ignoring the effects of vaccination, so far as the 
course of the disease has been studied here. 

(2) Mean temperature has a negative influence, 
and Variation in temp, has a positive influence, on 
the death-rate three weeks later. A glance at the 
above Table shows that the Temp. Variation lias had 
a big rise since week-ending 3-1-48 and this has 
actually caused an increase in the number of small- 
pox deaths in almost every affected ward during the 
week-ending 24-1-48, three weeks later. 

These conclusions are, how r cver, based on the 
meteorological conditions prevailing in Calcutta. If 
the temperature or the temperature variation goes 
beyond the range we have studied here the conclu- 
sions may or may not be valid. 


Botes ant> Hews 


INDIAN COUNCIL OF AGRICULTURAL RESEARCH 

The Annual Report of the Indian Council of 
Agricultural Research for 1946-47, which has just 
been published, contains an account of the activities 
of the Council in agricultural research during the 
year. 

As regards rice it was observed that in Kashmir, 
Russian, Chinese and American varieties of rice fared 
well and some of the newly introduced Chinese 
varieties gave heavy yields. In Madras some strains 
were found fairly resistant to the blast and foot-rot 
diseases.* 


Research work on brown, yellow and black rust, 
which has been going on for some considerable period 
now, was continued. There is an indication that 
persistence of rust from year to year is due to the 
over-summering of rust on volunteer and early-sown 
wheat crop in the hill areas. In the scheme for 
breeding of rust-resistant varieties of wheat at Simla, 
the work of hybridization between the best indigen- 
ous wheat and variety known to be rust-resistant has 
been completed. 

A scheme for testing the milling and baking 
quality and biochemical properties of Indian wheats 
had been in operation in the Punjab. It was observed 
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that the quality score of some samples were quite 
high. Investigations on the vitamin B content of 
ata from wheat ground in different ways, showed that 
the losses were the least with hand chakki. 

There are 26 horticultural and fruit research 
schemes in operation of which 10 are on Citrus. 

At present five schemes on potato research are 
in operation. 

Investigations show that detached potato sprouts 
can be successfully utilised for raising potato crops 
when grown whole or as cuttings. Preliminary trials 
have indicated that the yield obtained from sprout- 
lings compare favourably with those raised from 
whole tubers. 

With regard to storing of cereal grains it has 
been established that* grains mixed with powdered 
Ncem leaves suffer the least damage. Mercury dis- 
persion powder can also be effectively used as a pre- 
servative. 

The research scheme on artificial insemination, 
which has concluded at the Indian Veterinary Re- 
search Institute, shows that the production and pre- 
servation of semen is practicable under Indian condi- 
tions and that the buffalo is good subject for insemi- 
nation. The prejudice against artificial insemination 
in this country is not as great as was at one time 
believed. 

Experiments show that improved feeding mark- 
edly improves egg production and that pure breeds 
or graded-up stocks of fowls do not produce* more 
eggs than the dcsi variety unless they are adequately 
fed. 

Livestock fed on alkali-treated straw at Mont- 
gomery and Rampur grew 17 per cent and 195 per 
cent more quickly than those fed on untreated straw. 
The feeding of the treated straw to milking cows at 
Rampur resulted in an increase in milk yield by 11 
per cent. 

It has been reported that the failure to process 
milk, the storage of butter for days before melting 
and the over-heating of butter are among the chief 
reasons for the reduced storage life of slice produced 
in villages. 


MICROSEISMS AND DISTURBED WEATHER- 
NEW AID TO FORECAST WEATHER 

During World War II, when radio silence 
was enforced on ships which formed the only source 
of weather observation at sea, Indian meteorologists 
were considerably handicapped in forecasting weather. 

It then struck one of the meteorologists that 
possibly some aid in forecasting storms and cyclones 
and squalls over the sea could be had from micro- 


seisms recorded by a sensitive seismograph — the 
instrument used for detecting earthquakes. 

It had been known for a long time that a sensi- 
tive seismograph revealed feeble ground movements 
from time to time when the weather happened to be 
disturbed. These movements which are known as 
< microscisms , are independent of earthquakes and 
manifests themselves in the form of wavy curves of 
small amplitudes and frequencies in the seismograms. 

An examination of the seismograms in the Ali- 
pore Meteorological Office containing records of 
microseisms followed. It was discovered that these 
records provided valuable information in general 
about weather disturbances and gave indication of 
disturbed weather well out at sea which was not 
obtainable from the restricted weather charts of the 
War days. 

These investigations covering the hourly tabula- 
tions of 8 years* records of Alipore and some of the 
records of Bombay, Kodaikanal and Agra, which 
have been published by India Meteorological De- 
partment, reveal that microseisms are of three kinds. 
The first, which consists of uniform vibrations, is 
caused by monsoon in the Bay of Bengal and also 
appears in the initial stages of a disturbance or with 
a far-away storm over sea or sometimes when a dis- 
turbance is filling up. The storm-type, which con- 
sists of uneven groupings of small amplitudes is 
caused by depressions and storms in the Bay of 
Bengal and sometimes also in the Arabian Sea. The 
third — the gusty wind type — consists of a series of 
bulges. 

The authors conclude that microseisms provide 
advance information about intensification and weak- 
ening of monsoon in the Bay of Bengal and Arabian 
Sea, the development and movement of depressions 
and cyclones over sea, the formation of land depres- 
sions and cyclones and the occurrence of gusty winds, 
squalls and th undersqualls. ( Scientific Notes , India 
Meteorological Department, Vol. 10, No. 120, 1948). 


FOG AT CALCUTTA 

In a recent publication of the India Meteorolo- 
gical Department, (Scientific Notes, Vol. 10, No. 124, 
1948) observations of fog at Alipur, Dum Dum and 
Bally during January 1938 to December 1940 have 
been analysed and the frequencies of foggy day com- 
puted. The monthly frequencies of foggy days are 
less at Dum Dum than at Alipur and Bally particularly 
iu January and February. The frequency is maximum 
in January at Alipur and Bally and more or less 
uniform during December to March at Dum Dum. 

The annual frequency of 'advection* type of fog 
is less than that of “radiation” type, but die advec- 
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tion fog is more frequent than radiation fog in 
February. From the frequency distribution of total 
number of occasions of fog observed at Alipur, Dum 
Dum and Bally in accordance with the times of onset, 
it is concluded that the most favourable time for on- 
set of fog is near about the time of sunrise. It is 
often observed that a day-break fog on lower ground 
gets thinner with a gradual intensification of fog in 
the upper layers. With sunrise there is often a 
sudden thickening of fog at the lower layers extend- 
ing up to high levels. It is quite possible that sun 
light produces more hygroscopic nuclei and thus 
creates a favourable atmosphere for enhanced con- 
densation. With the advance of the day, insolation 
takes the upper hand and fog at all the levels com- 
mences to disperse. Fog seldom persists for more 
than 3 hours, January and February being the months 
of maximum duration of fog. The normal value of 
surface wind veloeity at Alipur during early hours of 
morning iti cold season when fog is most prevalent 
varies from 1*5 to 3 m.p.li., but on most of the foggy 
days the wind velocity does not exceed 1 m.p.li. 
before the onset of fog. On most of the occasions 
before commencement of advection fog southerly wind 
prevails in lower levels in early mornings although 
there arc no southerlies in the previous afternoons. 
The development of moisture laden southerlies in 
early mornings while changing the composition of 
air mass raises its dew point and creates a favourable 
atmosphere for condensation. The analysis of wind 
cloud and temperature data before the onset of fog 
indicates the conditions which are most favourable 
for the formation of fog. The thermograph records 
of the station for the earlier part of a night helps 
in the prediction of fog during the next morning. 


CONTINUOUS FERTILISER 

Specialists in the U. S. A. are developing a 
compound of urea and formaldehyde, “urea-form”, 
of which the solubility in the soil can be controlled. 
Urea-form furnishes nitrogen to plants gradually and 
over long periods of time— an advantage not common 
to present commercial fertilisers. In the form of a 
white powder, it has a capacity for taking up water 
from the atmosphere without caking or impairing its 
free-flowing qualities. When mixed with other fer- 
tilisers, it is stated to act as a “conditioner” by check- 
ing the caking of such a mixture. Free flow is 
specially important in fertilisers applied by modern 
machines which leave a band of fertiliser in the soil 
a little below and to the sides of the row where the 
seeds are planted. Tests have also shown that com- 
bination of urea-form with quick-acting nitrogen fer- 
tiliser furnishes a continuing nitrogen supply through- 
out the growing season, thus increasing total yield 
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and spreading the plants* growth over a longer period. 
(The Chemical Age, September 18, 1948). 

NEW BERYLLIUM ALLOYS 

In five American {latent applications (Nos. 6042- 
46) special claims are made in the preparation of 
beryllium alloys. Patent No. 6042 relates mainly to 
magnetic steels, for which it is said the chromium 
steels have not proved entirely satisfactory. In the 
present invention a small amount of beryllium is 
included to impart the exceptional magnetic and 
physical properties desired in magnets and other 
articles of manufactured steel, including greater 
hardness and strength, and better fluidity when 
molten. Carbon content is from 0*1-1 25 per cent, 
chromium 1-8 per cent, and beryllium from 0 03-0*7 
per cent. The alloy may also contain from 0* 1-0*5 
per cent silicon and manganese, with the usual 
impurities : phosphorus and sulphur. Patent No. 
6043 claims improvements in beryllium -cobalt alloy 
steels and articles made from them, especially 
tool steels, die steels, and structural steel. 

In the present series of alloy steels the principal 
constituents are : 0*5-14 per cent chromium, 0*1-1 per 
cent cobalt, 0*05-0*5 per cent beryllium, and 0*25-2*5 
per cent copper. They are capable of being hardened 
lip to a Brinell hardness of 600, by suitable heat 
treatment. Carbon content is 0*1-3 per cent. Heat 
treatments include heating up to 1450-1550°F, 
followed by air cooling ; much lower temperatures 
than usual are claimed. The composition may also 
include molybdenum. 

Patent No. 6044 claims to afford improvements 
in clironiium-free air-hardened aloy steels and articles 
made from them, either cast or wrought, especially 
tools, dies, etc. An example is the Mushet type alloy, 
containing 0*03-0*3 per cent beryllium, 0*25-2*5 per 
cent copper, 0*5-2‘5 per cent silicon, 0*5-2 5 per cent 
manganese, and 0*75-3*25 per cent molybdenum. 
Brinell hardness ranges from 600 to 653, and heating 
temperatures are again low. 

Patent No. 6045 is concerned with chromium- 
beryllium alloy steels and products. The proposed 
uses include castings and rolling mill products ; and 
particularly castings for which the usual chromium 
and stainless steels are not altogether suitable, owing 
among other things to unsatisfactory fluidity. 
Intricate and complicated castings are possible. Com- 
position is : 0*5-14 per cent chromium, 0*5-4 5 per cent 
silicon, relatively small amounts of beryllium, 0*5-6 
per cent copper, 0*05-2 per cent carbon, and upto 0*5 
per cent manganese. These alloys are characterised by 
high strength, fluidity, and good ductility when sub- 
jected to loads suddenly applied. Covering a similar 
field, Patent No. 6046 is concerned with beryllium- 
copper allpy steels. (The Chemical Age, Septem- 
ber 4, 1948). 
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THE. 200-INCH TELESCOPE 

The 200-incli telescope constructed in the Palomar 
Mountain has been named the Hale reflector after 
Dr George Ellery Hale, whose vision and foresight 
made its construction possible. One of the disadvan- 
tages of the yoke mounting of the conventional type 
is that the telescope cannot point to the north celes- 
tial pole. In the case of the 100-inch instrument, 
the maximum observable northerly declination is in 
the neighbourhood of 65°, so there is a large inacces- 
sible area around the north pole. Within that region 
are many stars that belong to the fundamental 
standard-magnitude sequence. The horseshoe mount- 
ing of the 200-inch permits it to reach these circum- 
polar objects, enabling direct comparison of magni- 
tudes observed there with those of stars and galaxies 
in other parts of the sky. This is especially impor- 
tant where observations of some of the galaxies near 
the north pole of the sky, such as at M81 and M82, are 
concerned. 

At present, the primary mirror and Cassegrainian 
mirror are installed and in operation, but the auxiliary 
mirrors of the coude system are in the* process of 
installation. Altogether there are seven mirrors in 
the giant telescope : (1) The 200-inch mirror, a para- 
boloid having a focus of 55 % feet or 666 inches. 

(2) The Cassegrain convex, 41 inches ill diameter, 
hyperboloidal with an eccentricity of about 1’52, pro- 
viding a focal length of 263^ feet, or 3,200 inches. 

(3) Two coude hyperboloids, 36 and 32 inches in 
diameter, each of eccentricity 1’25 and producing a 
focal length of 500 feet, or 6,000 inches. (4) A coude 
diagonal plane mirror, 36 by 53 inches, to reflect the 
light along the polar axis to the coude spectrograph 
in a constant-temperature room directly south of the 
telescope. (5) Two auxiliary plane mirrors, 28 and 
20 inches in diameter, for use with the coude diagonal 
when objects north of 50° declination arc observed. 

All of ’these mirrors are made of pyrex glass, and 
all except the two small flats arc of the ribbed-back 
construction with internal supports. ( Sky and 
Telescope, September, 1948). 


RESIN FOR ION EXCHANGE PROCESSES 

Four additions to the Amberlite family of ion 
exchange resins have been announced by the Resinous 
Products and Chemical Co. The efficient production 
of vitamins, alkaloids, and amino acids ; the one-- 
step removal of all ions from solution ; and the 
reversal of conventional deionization are part of the 
flexible versatility that the new absorfients are said 
to bring to the solution of water-conditioning, food- 
treating, pharmaceutical, and other processing 
problems. Milk, protein hydrolyzates, blood, sugar- 


materials sensitive to fluctuations in pH — now may be 
processed readily by means of “mixed-bed* * exchange. 

Behaving like solid caustic with only its hydroxyl 
ions in solution, Amberlite IRA — 400 will absorb 
negatively charged ions from acidic, neutral, and even 
mildly alkaline solutions at speeds unapproached by 
other anion exchangers. 

Amberlite IRC — 50 is a cation exchanger which 
derives its exchange activity from weakly-acidic 
carboxylic groups. It is the first white synthetic 
resin exchanger available to the pharmaceutical, 
cosmetic, and food processing fields. The extreme 
selectivity of the new absorbent permits the effective 
separation and recovery of such chemically similar 
materials as amino acids. Treatment of Amberlite 
IRC-50 with an appropriate buffer converts the resin 
to a combined salt-acid form so that cation exchange 
occurs at a controlled pH. 

Where high concentrations of ions must be 
adsorbed, or where extremely aggresive influent solu- 
tions and high temperatures must be met, Amberlite 
IR-120 will be used. The very high capacity (28 
kilograms) of this bead-form cation exchanger sug- 
gests its adaptation to the recovery of valuable cations 
from plating, rayon-spinning, and photographic 
waste solutions. 

Main advantages of Amberlite IR-105, a high 
capacity exchanger in bead-form include: (1) a 
smooth spherical shape, (2) freedom from odor, taste, 
and colourthrow, (3) highly uniform particle size, 

(4) higher density, (5) rugged physical properties, 
and (6) high exchange capacity obtained at efficient 
regeneration levels. Its unusual chemical stability 
and high capacity arc of special interest in applica- 
tions such as the softening, dealkalization, and de- 
ionization of water. (Chemical and Engineering 
News, July 12, 1948). 

AUSTRALIA'S RIVER PROJECT 

It has been announced recently by the Queens- 
land Government that a dam will be built on the 
Burdekin River which lies 780 miles north of 
Brisbane. This dam will be able to store nearly 
four times the amount of water held by the Hume 
Reservoir, now the biggest in Australia. The Govern- 
ment wants the Burdekin dam for the generation of 
hydro-electricity as well as irrigation. It proposes 
a dam wall 130 ft. high, 99 miles upstream, just 
below where the Sutter River joins the Burdekin. 
Such a dam will hold back the waters of the Burdekin 
and its tributaries for 100 miles. The ponded area 
will be about 145 sq. miles and the capacity some- 
thing like 5,500,000 acre ft. This will cost at least 
£12,000,000. The great dam will catch the water 
from 50,000 sq. miles. On the irrigation^’side, this 
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water will bring into a high state of production, about 
400,000 acres of uncultivated land. 

The new Stirling Dam in the South West of the 
State takes second, place. Its capacity of 44,000 acre- 
ft. of water is exceeded by the 76,000 acre-ft. of the 
Canning Dam, some 30 miles away to the north. On 
the upstream side of the Stirling 12,000,000,000 to 
13,000,000,000 gallons of water fill a lake of 1,000 
acres. Work began on the Stirling Dam in 1937. It 
stopped during the war, and was taken up again in 
February, 1946. The dam lias been built in a steep- 
sided valley, through which the Harvey River flows. 
The completion of the Stirling Dam has increased the 
irrigated area in its particular section of Swan! and 
to 36,000 acres. Latest irrigation plans of the Western 
Australian State Government envisage the spending 
of /,14,000,0(X) on water storage works to feed the 
wheat lands mainly in the South West. 

One of Australia’s most spectacular engineering 
projects is the construction of the huge Eildon Weir 
dam in the Goulburn Valley of the State of Victoria. 
The work is expected to be started this year. To 
rank in size with some of the world’s largest earth 
and rock dams, it will be raised to 244 ft. and will 
be 2960 ft. long. It will increase the capacity of the 
existing weir from 306,000 acre ft. to 2,350,000 acre 
ft. In> the present Goulburn Valley system 345,000 
acres are under irrigation out of a total of 708,000 
acres of irrigation in the State. (Water and Water 
Engineering , September, 1948). 

ATOMIC ENERGY NEWS 

According to the Bulletin of Atomic Scientists, 
the Atomic Energy Commission of U.S.A. has a 
budget of 646 million dollars (nearly 160 million 
pounds), the budget of the British Atomic Energy 
Committee has not been revealed, but it is guessed to 
be about 20 to 25 million pounds, and that of the 
French Atomic Energy Commission is given out to 
be 1200 million francs, roughly 2\ million pounds. 
Thus while the U.S.A. spends one dollar on Atomic 
Research, U.K. .spends 10 cents, and France only 1 
cent. 

What results can France hope to achieve with 
this one per cent of the American effort? Asks Dr 
Low Kowarski, Technical Director of the French 
Atomic Energy Commission. Kowarski himself 
supplied the reply : He says that it would be folly 
to divert any fraction of these limited resources to- 
wards military applications, and France has no inten- 
tion to do so. 

But what can she expect to achieve even for 
peace time applications ? Kowarski says : 

"Ouj attention is focussed on that not-too- 
remote future (perhaps in a generation or so) when 


atomic energy will be of considerable economic im- 
portance. When this time comes, every country 
which intends to go on playing a not-too-insignificant 
role on the world stage should have their own 
specialists in the atomic field.” 

The Atomic Energy Commissions and Com- 
mittees spend a good fraction of their budget on 
fundamental research. The following basic principles 
have been adopted by the U.S.A. Atomic Energy 
Commission : 

(1) All possible encouragement must be given to 
the development of a fundamental theory of atomic 
nuclei ; and 

(2) The possibility of waste of capital, due to 
premature obsolescence caused by revolutionary 
advance in the science of Nuclear Physics, is reduced 
once such a theory exists. 

What jiercentage of the budget of Atomic Energy 
Commission is spent on fundamental research ? 
According to our information from 20 to 25 per cent 
i.e., about one hundred twenty million dollars. 
Fundamental research is carried on at the National 
Laboratories of Argonne, near Chicago, at Brook- 
haven, N.I., at Oakridge, Tennessee, and is supported 
at many university centres. 

BIBLIOGRAPHY ON INDIAN ZOOLOGY 

The first instalment of 56 papers being the half- 
yearly (January-June, 1948) list of zoological papers 
by workers in India and adjoining countries and 
published in various journals appears in the current 
issue of the Proceedings of the Zoological Society of 
Bengal, September, 1948, p. 113. The list though 
incomplete will be* of immense benefit to workers 
all over the world and we trust that with the co- 
operation of all workers of South-East Asia, a more 
comprehensive list will be issued hereafter. It is 
needless to emphasize the importance and necessity 
for such compilation work, that could help in bringing 
about international co-operation amongst zoologists 
of the world. 

The present issue of the Pioceedings of the 
Zoological Society of Bengal has well maintained the 
standard of the previous one (see Science and 
Culture, 13, p.496, 1948). There are seven original 
papers by workers in Calcutta and other parts of 
India and the subjects cover a wide range, c.g. t sex 
hormones, insect parasites, nematodes, cytology, 
embryology, etc. 

ANNOUNCEMENTS 

Sir C. V. Raman has been appointed the first 
National Research Professor in recognition of his 
unique services in the cause of Science. The Professor- 
ship is created by the Government of India under the 
Department of Scientific Research. 
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The Zoological Survey of India that was trans- 
ferred to Banaras in 1942 from its original head- 
quarters at the Indian Museum as a war measure 
is now being re-transferred to Calcutta and from 
January 1, 1949, the address of the Survey will be: 
Jabakusmn House, 34, Cbittaranjan Avenue, Calcutta. 
The Library of the Survey will however resume its 
work at the Indian Museum, Calcutta, from March 1, 
1949, and will remain closed to outsiders from 
November 1, 1948 to February 28, 1949. (See Science 
and Culture , 4, 544, 1946). 

Dr J. N. Mukt-ierjke, Director, Indian Agricul- 
tural Research Institute, has been invited to be one 
of the Vice-Presidents of the Fourth International 
Congress of Soil Sentence to be held at Amsterdam 
in 1950. 


A scientific conference on the conservation and 
utilization of Resources convened by the Economic 
and Social Council of the United Nations will be held 
in U.S.A. in May-June, 1949. Dr J. N. Mukherjee, 
Director, Indian Agricultural Research Institute, New 
Delhi, has been invited to prepare a paper on 
‘Tropical Climates’ for the section devoted to the 
Improvement of Soil productivity. 

ERRATA 

In October 1948 issue, p. 137, Column 2, for 
Somatic chromosome number 22 t-21 read 22 + 2f. 
on i). 139, Column 1 insert the following “showing 
different chromosome numbers like 2w = 16**, between 
lines 4 and 5. 


BOOK REVIEWS 


Prospects and Potentialities of Pakistan. — By Prof. 
Maneck B. Pithawalla, D.Sc., F.G.S., Victoria 
Road, Karachi 1947. Pp. 41 with two tables and 
a map. Price not mentioned. 

The book under review is a reprint of articles 
published in the Daily Gazette ‘with a view to create 
some interest in the geographical aspects of the new 
dominion of Pakistan* (Preface). The name is hardly 
justified, inasmuch as very scanty attention has been 
paid to Eastern Pakistan, which the author considers 
to be a ‘minor eastern zone* (Page 1 , Para 3) of Pakis- 
tan. Even a map of that populous and important part 
of Pakistan is lacking. Although the survey of mineral 
resources and specially petroleum is adequate, no 
separate or comparable discussion has been included 
on the rich agricultural resources of Pakistan, by 
exporting the surplus of which to India Union she 
can expect to meet up her demands of manufactured 
goods. His survey of mineral wealth convinces the 
author that ‘prospects of mineral resources of the 
dominion of Pakistan are on the whole poor* (Page 
12). “And if the India Union** continues the author 
in another place, “has all the best minerals, heavy 
and precious metals, etc. ... it can easily supply to 
the sister State excellent manufactured goods of 
cotton, jute, etc., in return** (Page 19) for the surplus 
agricultural stock. 

The book opens with a search for the capital of 
Pakistan, where the author advocates the case of 
Rawalpindi as being centrally ( ?) situated and having 
historical tradition and industrial prospects. He 
specially discards the claims of Karachi, which has 


acute shortage of water and where the saturation point 
of population absorption has almost been reached. 
Dr. Pithawalla suggests redistribution of provincial 
boundaries of Western Pakistan and creation of three 
provinces only there, viz., Upper and Lower Indus 
Basins and Baluchistan. 

The two tables giving information regarding 
agricultural and mineral wealth are valuable, but one 
deplores the author's branding the secular state of 
India as ‘Hindustan* and present Delhi as the 
‘imperial capital* (Page 1, Para 1). 

P. K. S. 


The Art of the Film. — By Ernest Lindgren. Pub- 
lished by George Allen & Unwin Ltd., London. 

Pp. 242 with index. Price 16 sh. 

Mr. Lindgren has modestly set out in the preface 
of the book that his main objective in presenting this 
book has been to stimulate criticism of a film in order 
to make it a means of social utility. The material has 
been largely drawn from lectures he has given since 
1938 and specially in 1944, 1945, and 1946. He has 
arranged the contents into two parts. The first part 
is an introduction giving an insight into the organisa- 
tion of film production and in the second part the 
author initiates the reader in the technique of making 
a film, namely, acting, music, camera, sound and the 
most important, editing. He has been successful in 
impressing the qualities of editing which n#ke *a-film 
an art for the film-goers and a success for the pro- 
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ducer. All throughout the book Mr. Lindgren re- 
cedes in the background and the reader is transported 
to the different departments of the film studio. His 
treatment of the various technical aspects of produc- 
tion has fulfilled his expectation of rendering assist- 
ance to-film technicians by helping to stimulate public 
appreciation of the elements that raise the film to the 
rank of art. As a matter of fact, a film has generally 
been taken to be an entertainment just for the period 
one is inside a cinema hall. But film as a motive 
force in social progress is being acknowledged and 
Mr. Lindgrcn as an enthusiastic officer of the British 
Film Institute has done a good service both for the 
people and the film-makers. 

Mr Lindgren has a beautiful literary flare and 
after finishing the book the reader will be completely 
satisfied as having got what he wanted to know from 
the title of the book. Literature on film has grown 
since film came into society as an object of curiosity a 
little over half a century ago and Mr Lindgren *s book 
may mark the beginning of an educative, as distinct 
from pedantic, type of book in order that ordinary 
people may grasp film as a social force and appreciate 
it as a means of international understanding. It is 
interesting to report that the Unesco has under study 
the use of film as one of the means of mass communi- 
cation for bringing together all the peoples of the 
world. The first international festival of documentary 
films, arranged in co-operation with Unesco, was held 
in Edinburgh in August and September last year. 

There are 32 pages of excellent halftone plates 
and the appendices include a specimen film script, a 
select bibliography and a glossary of over 500 techni- 
cal terms. The price of the book seems to be dis- 
couraging to the people whom the author wishes to 
approach. 

P. C. B. 


College Zoology —By late Professor Robert W. 
Hegner, Ph.D., Sc.D., Fifth Edition, Pp. xvii + 
817. (New York: Macmillan & Co. Ltd., 1942), 
25s. net. 

The 6th reprint of the Fifth Edition (1942) of 
College Zoology has appeared in 1948 after the death 
of Professor Hegner. The usefulness of the work has 
been amply demonstrated by the quick succession of 
reprints of the fifth edition. ‘Type study 1 as a means 
of knowing a particular group of animal has been 
adopted throughout the text thus rendering the book, 
as any other foreign book of this type on Zoology, to 
be of somewhat limited use to the Indian students, 
yrho use entirely different animals as types for their 
practical classes. The portions dealing with general 
Zoology (chapters xxxi-xxxviii) are lucid, well illus- 


trated and are universally useful. We specially 
recommend to our students to make constant use of 
the ‘glossary* which gives exact definitions of hun- 
dreds of very useful zoological terms. 

S. P. R. C. 

A Class-Book of Botany (for Intermediate and 
Medical students) — By A. C, Dutta, M.Sc. 
Pp. XIV +475 with 583 text figures. Published 
by Geoffrey Cumbcrlege, Oxford University 
Press, Calcutta. Seventh Edition (Revised and 
enlarged), 1948. Price Rs. 8/8/-. 

This book is already well known to students of 
different Universities in India and we welcome its 
appearance in a revised edition. Prof. Dutta from 
liis long experience as a teacher lias been able to 
incorporate in this book in a simple way up-to-date 
knowledge gathered in different branches of Botany. 
The appearance of this present edition is amply 
justified because it shows a marked improvement over 
the previous one published three years ago. This is 
specially noticeable in Part VIII (Evolution and Gene- 
tics), besides the addition of new and re-drawn dia- 
grams and explanatory foot notes throughout the text. 
The glossary of Indian names of plants is very useful 
to students. It would have been more impressive to 
students if the life histories of plants, especially the 
lower plants were explained with common Indian 
species as examples and mentioning their geographical 
distribution. The scope of the study of Botany (even 
if it is Pure Botany — vide p. XI) with reference to 
Agriculture, Horticulture, Forestry, Paleol>otany and 
economic uses of plants and plant products has been 
neglected in the text. Further, the omission of the 
following in a modern text book is very glaring : 
Vitamins, Hormones, Vernalization, Chromosome 
theory of sex determination, Limiting factors, etc. 
In spite of these omissions that may be attended to 
in a subsequent edition, the edition under review is a 
mine of botanical information and is a very suitable 
text book for intermediate students of Botany and 
Biology, who can with full benefit depend on it for 
their courses of study. 

P. N. B. 


International Rules of Botanical Nomenclature. — 

—Compiled by W, H. Camp, H. W. Rickett and 
C. A. Weatherby. Published by the Chronica 
Botanica Co., Waltham, Mass. U.S.A. Indian 
selling agents : Messrs. Macmillan & Co. Ltd., 
Calcutta, Bombay and Madras. Second Printing, 
cloth, p. 120. Price : $3.50. 

Since the publication of the last official edition 
of the International Rules of Botanical Nomenclature 
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(Gustav Fischer, Jena, 1935), a number of very useful 
papers have been published. Unfortunately, neither 
the rules nor these papers were available for a long 
time, and with a growing interest in botanical nomen- 
clature, the demand for these books has continually 
increased. The American Society of Plant taxo- 
nomists, and Drs Camp, Rickctt and Weathcrby in 
particular, are to be congratulated for bringing out 
a very useful compilation of the 1935 rules as adopted 
and revised by the International Botanical Congress 
at Amsterdam, together with additional list of con- 
served and rejected names, and an admirable index. 
Their original compilation was published in Brittonia 
6 (1947), but, as was to be expected, all the copies 
were soon exhausted. Botanists are beginning to 
realise that for any taxonomical work, the rules of 
botanical nomenclature are to be consulted very fre- 
quently. liven for the teaching of taxonomy in the 
Universities, a general knowledge of the rules is 
necessary. No regional conference on Botanical 
Nomenclature is possible without several copies of 
the rules. All these, have necessarily increased the 
demand for this book, and we are glad to note that 
Messrs Chronica Botanica Co . have been able to re- 
print this recent work by Camp et aL which is now 
once again available. 

Botanists have been often blamed for changing 
well-known names but a careful study of the rules of 
nomenclature would reveal that these changes are 
often imperative for the purpose of precision. For 
example, the name Magnolia sphenocarpa Roxb, was 
used purely by mistake (lapsus calami) in the Flora 
of British India 1, 41 (1872) for Magnolia pterocarpa 
Roxb. So, persistence in the use of the former name 
(cf. FI. Assam 1, 141, 1934) would only create con- 
fusion, and the latter name has to be adopted. 
Similarly, the genus Unona as described and under- 


j * 

stood by the younger Linnaeus, is ednfmed to South 
America and it has been clearly established by Safford 
(Bull. Torr . Bot . Club 39, 501, 1912) that the Asiatic 
plants known under this name are very distinct and 
different. All these plants are now to be known as 
Desmos, and this generic name is of course to be 
adopted for the Asiatic species. The well-known 
Edelweiss (Leontopodium. alpinum Cass.) of Euro- 
pean mountains has been known for a long time to 
extend to the Himalayas (FI. Br. Ind. 3, 279, 1881). 
But the Himalayan plant, although belonging to the 
same genus, is quite different from the European 
species. It will therefore be wrong to call the 
Himalayan plant any more by the name Leonto- 
podium alpinum Cass. These are simple and easy 
instances where a change of name is obviously 
necessary. There are other more difficult cases too, 
which could be settled, by a study of nomenclatural 
rules. 

The change of names are made only with the 
good intentions to stabilise names, in conformity with 
taxonomical and nomenclatural requirements. Stearn 
says (i Vexations though changes in the nomenclature 
of familiar plants are, there usually exist good grounds 
for such changes, and when they are well founded, 
their ultimate acceptance is merely a matter of time.*' 
(Lily Year Book 1947, 101). 

I fully endorse the above statement and strongly 
recommend the copy of the botanical rules to all 
botanical institutes in South East Asia, i.e., India, 
Pakistan, Burma, Ceylon, Siam, Malaya, and Indo- 
China. The book is most timely in connection with 
the preparations for the forthcoming Seventh Inter- 
national Botanical Congress to be held at Stockholm 
in 1950. 


D. C. 
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LETTERS TO THE EDITOR 

[The Editor > are not responsible for the vici*>s expressed in the letters .] 


X-RAY STRUCTURE OF SHELLAC 

The X-ray diffraction study of shellac, like all 
physical properties of the same, has been done in 
passing along* with other amorphous substances while 
verifying some general characteristics of liquid 
diffraction. Clarke 1 appears to have made the study 
of X-ray diffraction pattern of shellac for the first 
time. He has classed shellac as an amorphous sub- 
stance but has not recorded any measurement. Von 
Naray-Szabo 2 on the other hand, obtained more or 
less five distinct rings, some of which are sharp and 
some diffuse and has classed shellac as a crystalline 
resin. Krishnamurty* again, obtained two distinct 
rings at 11 A and 4A respectively, and classed it as 
an amorphous substance. But these authors have not 
mentioned what they used in their study. Shellac is 
not a single chemical entity. It consists of hard 
resin, soft resin and wax. The wax again constitutes 
a number of lower and higher aliphatic alcohols and 
acids. Advantageous results will only be obtained if 
the constituents are separated and examined sepa- 
rately. 

The X-ray diffraction measurements (powder- 
photographs) have been done on the hard resin after 
repeated extraction of soft resin with ether. Two 
diffuse rings have been obtained at 4 21 A and 10A. 
The 10A ring* was very intense and diffuse, similar 
to liquid evbotactic. This is most probably due to 
miceller aggregation of hard resin molecules. The 
outer ring at 4‘2lA is shaiper but much less intense. 
This ring is difficult to account for. Most probably 
this may be attributed to the presence of a carbon 
chain of more than four carbon atoms as has been 
verified by Katz 4 for a number of organic compounds. 
The assumption is also not very improbable from the 
structural point of view. Shellac is known to contain 
aleuritic acid (trihydroxy palmitic acid) to the extent 
of 40-50 per cent of the weight of shellac. Thus it 
may be assumed that at least a j>ortion of the aleuritic 
acid chain is present as such in the hard resin mole- 
cule. 

Thanks are due to Dr P. K. Bose, Director, 
Indian Lac Research Institute, Namkum, for his keen 
interest in the present work. 

Indian Lac Research Institute, Sadhan Basu 
N amkum, Ranchi. 

3*7-1948 

* Clarke, Ind . Eng. Chcm., 18 , 1131, 1926. 

•Von Haray-Szabo, Bioch. Zt., 185 , 86, 1927. 

• Krishnamurty, Ind . /. Phys., 4, 99, 1929. 

*Katz, Phenomenon of Polymerisation and Polycondensa- 

tion, ^Faraday Society, p. 84. 


JAMAN (BLACK BERRY) SEED AS A CATTLE FEED 

In India the shortage of concentrates is much 
more acute than that of roughages. To meet this 
shortage, the use of mango seed kernel 1 and entrails 2 
which are largely thrown away as waste was 
suggested. The mango seed kernel could be satis- 
factorily used as a partial substitute for grains and 
oil cakes in cattle rations, making available about 70 
million lbs. of digestible protein and 760 million lbs. 
of starch equivalent, and the entrails is a rich source 
of protein for cattle, making available about 47*4 
million lbs. of excellent protein material. 

Analysis of jaman seed (Table I) show that the 
seed is fairly rich in crude protein and calcium and 
may be utilized as a cattlefeed. 


ta urn I 


Chemical Composition ok Jaman Skhu 



Adult Kumaoni bullocks were fed on wheat straw 
and a concentrate mixture composed of rape cake 
and jaman seed in equal proportions. The animals 
relished the concentrate and Consumed the entire 
quantity offered to them. Two weeks later the pro- 
portion of jaman seed in the concentrate mixture was 
raised to 75 per cent. The feeding observations ex- 
tended over a period of 30 weeks and it was found 
that the adult animals which ordinarily maintained 
weight on the scheduled ration of this Institute, 
gained on an average about 32 lbs. and put on a fine 
bloom and presented a healthy appearance. 

A digestibility trial conducted on three adult 
Kuifiaoni bullocks, after about five weeks feeding on 
wheat straw and a concentrate mixture consisting of 
rape cake and jaman seed in the proportion of 1:3, 
gave a positive balance for nitrogen, calcium and 
phosphorus, that of the former being fairly high. 

The digestibility co-efficients of the various 
constituents of jaman seed and the biological value of 
the protein (Table II) were fairly satisfactory. 
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TALBE II 

Digestibility coefficients and Biological value of 
Jaman Seed 


Digestibility coefficients 



Organic 

matter 

Crude ; 

protein j 

u ^ 

a 2 

W <u 

Crude 

fibre 

Nitrogen 

free 

extract 

Total j 

carbo- r . 

hydrates | 

i Biological 
j value 

Jaman seed .. 

4H 

68-5 

72-2 

42*5 

54-4 

603 

1 

! 84-3 






1 

— 

- 



The digestible protein, starch equivalent and 
total digestible nutrients per 100 lbs. of jaman seed 
were 5'8, 45' 1 and 45'5 respectively. 

These values give Jaman seed a place in the list 
of concentrates of proved value and it can be used 
to replace oil cakes to the extent of about 75 per 
cent. The keeping quality of these seeds seems to 
be satisfactory as no deterioration was observed after 
twelve months storage. 

It has been found that one tree yields about two 
to four maunds of seeds annually and since there are 
millions of jaman trees growing on the plains all over 
India, it is believed, that these observations would 
make available, from a hitherto unutilized source, 
millions of maunds of protein rich food for live-stock. 

Details of -this investigation will be published 
elsewhere. 


N. D. Kkhar 
K. Sahai 


Animal Nutrition Section, 

Indian Veterinary Research Institute, 
Izatnagar, 25-8-1948. 


1 Kehar, N. I). and Chanda, U-, Ind. J. Vet. Sri Ani. llnsb., 
15, 280, 1945. , , J „ . 

•Kehar, N. I), and Chanda, K., Ind. J. Vet. Sci. ami Ant. 
Hush. (In press), 1947. 


DATURA METEL L. AND DATURA FASTUOSA L. 

I 

My attention has been drawn to the note ♦pub- 
lished on this subject. 1 Safford as long ago as 1921 
dealt with this very point. 3 Not only does Safford 
accept the name Datura metal L. for the variable 
Indian plant, but also he reduces Datura jastuosa L. 
to the rank of synonym under the name of the former . 
His reasons for this have been admirably set out and 
should be found generally acceptable. He also refers 
to the fact that Clarke, 4 has completely confused the 


identity of Datura metel L., and that this confusion 
was largely due to the plate No. 1440 in the Botanical 
Magazine . In fact, Salford’s work of twenty-seven 
years ago, led inevitably to the same conclusions that 
have been reached by Narayanaswami in 1948 ! The 
latter’s paper, therefore, does not give us any addi- 
tional information on the subject. 

Although Linnaeus distinguished Datura metel 
h. and Datura fastuosa L. in his earlier works, he 
abandoned this distinction later (Syst. Nat., 2, 932, 
1759) when he recognized Runiphius’s plate (Herb. 
Amboin., 5, tab. 87, 1750) as representing only 
Datura metel L. As is well known, this plate shows 
both single and double flowered forms. The charac- 
ters of tubercles or prickles on the fruit, white or 
purple colour, or single or multiple flowers, do not 
hold good for any satisfactory distinction. Safford 
says : 

“These differences are nominal and one has only to 
examine the fruits of various forms of this East Indian 
Dhatura to Ik* convinced of the variability of their tubercles 
or prickles. That the white and purple forms of the single 
or double flowered plants should all be referred to one 
species by Linnaeus, is justified by the best modern autho- 
rities on East Indian botany”. 

Quite contrary to this opinion, Narayanaswami 
has considered it necessary to make D. Jastuosa L., a 
variety of D. melcl L-, and has given the characters 
of the prickles and colour of the corolla to distinguish 
it. That this variety is superfluous, and untenable is 
clear, fortunately, by Narayanaswami’s own ad- 
mission, as he says (l.c.) : “These varietal characters 
should not be considered enough either for specific 
or varietal separation.” 

Burkill in his Diet. Econ. Prod. Mai. Pen., 1, 
768, 1935, has adopted the name Datura metal L. 
and has referred to Safford ’s paper. It appears that 
this book was overlooked. Finally, if the sole pur- 
pose of Narayanaswami’s note is to create the un- 
stable variety out of D. fastuosa L., surely, this has 
also failed, as “D. melcl var. fastuosa ” is already 
available in the Annual Report of Smithsonian 
Institution 1920, Pp. 547-548, 1922. 

D. Chatt«rjee; 


Royal Botanic Gardens, 
Kew, England. 
23-7-1948. 


1 Narayanaswami, V., vSciencb and Culture, 14, 38, 1948. 

* Safford, Jour . Wash. Acad , Sc., 11, 173, 1921. 

8 Readers may also consult Safford *s second paper on the 
same subject in the Annual Report of Smithscmfam 
Institution for 1920, p. 537-567, 1922. 

* Clarkes, C. B., Flora of British India, 4, 242, 1883. 
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This criticism does not seem to be based upon 
examination of the actual materials of Datura species 
both in the field and in the Herbarium. Authenti- 
cation of the systematic position does not mean 
blindly adverting to what an old author stated perhaps 
without any examination of our Indian materials 
both in the field and in the Herbarium. 
Systematic Botanists like Gamble, Haines, Kanjilal 
and Das, who published the floras of Madras (1923), 
Bchar and Orissa (1922) and Assam (1939) respectively 
have retained Datma jastuosa L. as a good species. 
Gamble who worked on the Flora of Madras at the 
Kew Herbarium, and had the benefit of Mr T. 
Sprague, a recognized authority on nomenclature and 
the library of Kew for consultation and reference did 
not seem to have become wiser by Safford’s paper 
which the author must have seen. Haines completed 
his Botany of Bchar and Orissa also in the Kew Her- 
barium and had similar opportunities like Gamble. 
Ridley in his Flora of the Malayan Peninsula (1923) 
recognized two varieties typica and alba under 7). 
jastuosa. Das, who had the assistance of I)r D. 
Chatterjce himself for the revision of the nomencla- 
ture of the specific names in the Flora of Assam (III) 
has not been made wiser by Dr Chatterjce with re- 
gard to this common Indian species of Datura . 

The correct position regarding several forms of 
this most protean species of Datura particularly with 
reference to the variations under different climatic 
and edaphic conditions need clarification. That there 
are ‘morphological differences variable in this species 
of Datura wet cl I,., no one, who has seen the species 
both in Nature throughout India and in the Herba- 
rium with comments of such distinguished botanists 
as Sir David Prain and others, can shut his eyes to 
these facts. There is also a long standing belief 
throughout India that the purple flowered Datura is 
more valued in medicine than the white flowered one 
and that this form retains its particular distinctive 
character from generation to generation. Morpho- 
logically the spiny covering on the fruits of some 
forms is indeed very characteristic, to which Gamble 
(loc. cit) has drawn special attention and he called 
it D . jastuosa L. Linnaeus himself (Syst. Nat. 2, 
932, 1759) has maintained this distinction as charac- 
teristic of D . jastuosa under D. metel L. and has not 
abandoned it as mentioned by Chatterjce. 

V. Narayanaswami 


The Herbarium, 

Royal Botanic Garden, 
Calcutta, 2-9-1948. 

i 


THEORY OF SEDIMENTATION IN ULTRACENTRIFUGE 
AND INTERPRETATION OF THE “SCHLIEREN” 
PHOTOGRAPHS 


The “Schiieren** methods 1 are very convenient 
for determining the degree of dispersity of the sub- 
stances analysed in the Ultracentrifuge, like the pro- 
teins. But so far it has not been possible (i) cither 
to explain the occurrence of the so-called 4 ‘sedimen- 
tation heads* * from the theory of diffusion under i 
centrifugal field, and (it) to gather informations 
about the molecular weight and diffusion constant 
of the substance from the rate of movement of the 
“sedimentation head**. The “sedimentation head’* 
appears at a point in the Ultracentrifuge cell, where 
the rate of increase of the concentration (more pre- 
cisely, the refractive index) with respect to the 
distance from the axis of rotation is a maximum." 
The theory of sedimentation must prove the existence 
of such a maximum. 

The differential equation for the sedimentation 
under a centrifugal field can be derived from the 
general equation of diffusion under a field of force 
given by SmoluchowskF; for a sector-shaped cell 
moving in a centrifuge, the equation becomes, 


be D 6 / 6c* 2 

bt~ r 6r A r br~ D rc 


0 ) 


where, 

c = concentration of the substance at any 
time t at a distance ) from the* axis of 
rotation 

D = diffusion constant, 
s = sedimen tation constant , 

<*> — angular speed of rotation. 

This equation was also derived ab initio by 
Lamm 4 and was investigated by Faxen," Sfiyten* 
and Archibald, 7 the last named first succeeded in 
effecting a complete solution in terms of certain 
eigenfunctions. 

The boundary condition for the problem is 


be 

br 


~D 


r c — 0 


( 2 ) 


at r~l which is nothing else than the law of con- 
servation of matter, and 


c(t f = when t - 0 


(3) 


The “Schlieren** photographs can be explained, 

be 

if the existence of a maximum of ^ is proved ; under 

equilibrium distribution, i.e ., when ^ ~o, no such 

maximum exists. Evidently, the problem is to 
investigate on the occurrence of the zeros of the 

6*c 

function and as such a solution in a power series 



208 


SCIENCE AND CULTURE 


Vol. 14, No. 5 


in r is necessary. The equations (1) and (2) can be 
transformed to 


be , be 


br bx 3 


when x 
bx 

where 


$0) 


3 


2D 


l —b (say) 


O') 

( 2 ') 


With the help of this expression for c(t, r) we 
b^c 

can prove that (i) can have a zero between r~0 

and r—l under certain circumstances, and (if) can 
also obtain an expression for the position of this 
zero, £ (say) as a function of t . 


The details of the work will be embodied in a 
paper to be published shortly. 


j = r 3 , T = ^ (4) 

Let «(s, x) be the Laplace transform M 9 of 
c(r, x ) i.c. t 

u (s, x) =/ e~ ST c(t,x) dr (5) 

o 


Then from (1') and (3) we get, 

I s“ t(, ~ x) S' (s+l) ” = • • • |6) 

ii-~-0 when x — b (7) 


My thanks are due to Prof. M. N. Saha, for his 
kind interest in the work, and to the authorities of 
the Board of Scientific and Industrial Research, 
Government of India, for providing a scholarship for 
investigating on the problems of construction and 
utilisation of the Ultracentrifuge. 

Samarrndra Kumar Mitra 

Palit Laboratory of Physics, 

University College of Science and Technology, 

92, Upper Circular Road, 

Calcutta, 2-9-1948. 


By substituting v — e~ x u the equations (6) and (7) 
can be transformed into 


d*v . x dv 
X .;,+ (! + *)£-*»« 


dx 9 


■ Cod 


dv 

dx 


= 0, when x — b 


(&) 


(70 


The solution of this boundary problem which is 
regular at the origin is, 


* c 0 x ( i'ts.x)') 

{r +e . 


( 8 ) 


' Svedbcrg and Pederson, The Ultracentrifuge, 1940, p. 300. 
Svensson, Kolloid Zcits, 87, p. 181, 1939; 90, p. 141, 1940. 

* Svedberg and Pedersen, The Ultracentrifuge, 1940, p. 238. 

* Smoluchowski, Ann. dcr Physik, 43, p. 1105, 1915. 

4 Lamm, Archiv, /. Math. Astron. Fy\ik, 21B, No. 2, p. 4, 
1929. 

'Faxeji, ibid., 21B, No. 3, 1929; 25B , No. 13, 1929. 

* S6yten, Proc. Phys. Math. Soc. Jap . (3), 18. p. 18, 1936; 

19, p. 1094, 1937. 

T Archibald, Physical Review, S3, p. 746, 1938 ; 54. p. 371, 
1938. 

"Doetsch, Theorie und Anwendung der Laplace-Transfor- 
uiation, 1937. 

* Courant und Hilbert, Mcthoden der matheinatischcu 

Physik, Bd. If, 1937, p. 202. 


where 


F (,s\ x)z=:I Ks.r + 


•'>•(.‘<-1) , s(s 
( 2 ! ) 3 


l)(*-2) 3 

(30* 


+ 


(9) 


KOSI— THE PROBLEM RIVER 

I 


is an integral function of s and x, and is very simply 
related to the Laguerre function. By inversion of (5) 
we get : 


<■ (t, X ) -c.,e' 7 + C,i~, 


tf f 

V J 


a + i oo 

e* T F {s, x) 
(srl) F'(s.b) 

O '- *00 


d & . ( 10 ) 


where *>o. 


This expression for c (r, .r) can be transformed 
into a power series in x, viz., 


c (r, x) On <> " 7 4* Co 


h ^(nl) 3 dT* 

n»o 


where and f(c?) is a Dirichlet’s series. 


Bagchi 1 has made certain comments about the 
geological investigations of the Kosi river area which 
require correction. He suggests that virtually 
nothing is known of the geological structure of the 
Kosi area and that only two visits have been paid 
to the dam site. His remarks are presumably based 
on a report published by the Central Waterpower 
Irrigation and Navigation Commission. 3 It is true 
that much more geological work is required in the 
Kosi area before it can be considered to have been 
properly surveyed, but it may be pointed out that 
since the above Preliminary Report was published 
there have been further visits, some of a prolonged 
nature, by members of the Geological Survey of India, 
and that the basic structure and the dam site is now 
reasonably well known. The results of tfre later 
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work have been written up in a series of Interim 
Reports for the engineers concerned. 

The question of the relative merits of construct- 
ing either a single high dam below Tribeni, or three 
dams on the tributaries upstream thereof, has also 
been discussed with the engineers. The advantage of 
having a single dam below Tribeni is obvious, pro- 
vided geological conditions permit. A site below 
Tribeni was selected in October 1946 for detailed 
study by tunnels and borings, and has been under 
active investigation, during the last year. Both the 
engineers of CWINC and the Geological Survey of 
India are aware of the need for further work, which 
from the inception of the project in 1946 has been 
along well-known lines, similar to those now pro- 
posed by Mr Bagchi. It- is undesirable, however, 
frequently to publish preliminary results, since these 
are liable to successive revision as investigation pro- 
ceeds, but reference to the Geological Survey office 
could have dispelled many of the doubts raised by 
Mr Bagchi. 

J. B. Attdkn 


Engineering Geology Section, 

Geological Survey ol India, 

Calcutta 13, 23-8-1948. 

1 Bagchi. K. N , Sciknck and Cui, Tore, 14, 53, 1948. 
8 Rt port of tlit* Kosi Data Project, March, 1946. 


II 

Dr Auden’s note will be of very great interest to 
our readers. It is really gratifying to learn that the 
“engineers of the CWINC and the Geological Survey 
of India are aware of the need for further work, 
which from the inception of the project in 1946 has 
been along well known lines, similar to those pro- 
posed by” me. Dr Auden himself has conceded that 
“much more geological work is required in the Kosi 
area before it can be considered to have been pro- 
perly surveyed” and it is hardly less than to say that 
very little is known of the geological structure of the 
area. The article in question was based on pub- 
lished materials and hence what has subsequently 
developed but not made available to the public could 
be availed of. It was the practice in the Tennessee 
valley to keep the public informed of the develop- 
ments even of a technical nature from time to time 
and the same may helpfully be adopted for our 
country. Dr Auden has mentioned that the merits 
of having a single dam across the main channel as 
against three darns across the tributaries have been 
discussed with engineers but no mention has been 


made with what results. However, we presume that 
the matter has not been finally settled yet and the lure 
of having a spectacular dam will not be great with 
our architects. There will not be any objection 
possibly in having a single dam provided geological 
and other considerations have been given due weight. 
The public would look forward to the reasons that 
would finally determine the selection of the dam site 
with very great interest. 


K. Bagchi 


Department of Geography, 
Calcutta University, 
3-9-1948. 


NEW BANDS IN^THE ABSORPTION SPECTRUM 
OF TOLUENE 


Following the interpretation of the absorption 
bands of benzene in the near ultraviolet 1 , Spoiler 8 
suggested a similar analysis for the few absorption 
bands of toluene previously recorded by Savard 3 
With a view to investigate the spectrum further we 
have undertaken a series of experiments at tempera- 
tures ranging from 0°C to 250°C with varying initial 
vapour pressures of toluene. The spectrum recorded 
a large number of bands in the region 2400A to 2890A. 
While our experiments were in progress, Ginsberg, 
Matsen and Robertson 4 published a paper on a simi- 
lar investigation. They have recorded a large number 
of absorption bands and given an analysis of a num- 
ber of them on the lines of the previous analysis by 

TABLE 

New Bands in the Absorption Spectrum of Toi,uknk 


v vac. in cm.- 1 ' Int. 

i 


Assignment (origin at 37470 
cm.- 1 ) 


34574 

34658 

34764 

34876 

34983 

35087 

35202 

35288 

35409 

35496 

35604 

35687 

35720 

35756 

35827 

35893 

36012 

36050 

36160 

36300 

36418 

36568 


0 


1-2 

3 
5 
8 

4 
2 

2-5 

5 
0 

1 

1-5 

0 

0 

1-5 

3 

3 

0 

1-5 


' - 1176— 1212 — 514 

- 1 176 — 1012 — 620 
: — 1 176— 1012—514 

! -2x1212+456 - 620 
! -2x1212+456-514 
i -1176— 1212 
I -2273 
i -1176-1012 

! -2x 1003- 1012+964, -2 x 1030 (?) 
I -2x1212+456 
-1176-1212 +528 
! -1003-785 
I -514-2x620 
I -1212-514 
! -620 -2 X 514 
! - 1586 

- 1176-1212+932 
- 1 176- 1212+964 
-2273 +964 
-1176 

- 1003 -59 
-785-2 x 59 
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Sponer 2 . The bands recorded by them go up to 
2768A, while in our experiments the data extend on 
the longer wavelength side up to 2891 A under suit- 
able pressure and temperature. In this extended 
region there are twenty-three new absorption bands. 
The bands have been measured on places taken on 
medium quartz spectrograph. The analysis proposed 
is essentially in agreement with the analysis of 
Sponer and others. A more detailed communication 
on this subject will be published elsewhere. 

R. K. Asundi, 
M. R. Padhyb 

Spectroscopy Section, 

Physical Laboratory, 

Benares Hindu University, 

Benares, 6-9-1948. 

1 Sponer, Nordheim, Sklar and Teller, /. Che in, Phy 7, 
207, 1039. 

3 Sponer, J. Client . Phy,, 10, 67 2, 1942. 

•'Snvard, Amt. tic ( hemic. 11, 287, 1929. 

4 Ginsberg, Matsen, and Robertson, ]. ( hem. Phy., 14, 

511, 1940 


PIPERAZINE DERIVATIVES 

During the investigations on alkylene-bis-sul- 
phanilamidos, 1 N 1 -& N 4 -ethylcne-bis-sulphanilamides 
have been prepared by refluxing sodium salt of N 4 - 
i ice t y 1 sulph an i la m i de and sulphanilamide respectively 
with excess of ethylene dibromide. 

In the case of ethyle-bis-N 4 sulphanilamide, after 
removing tiie starting materials from the product 
obtained by the interaction of sulphanilamide and 
elhylcnedibromide, the solid was repeatedly extract- 
ed with boiling water, when cthylene-bis-N 4 -sulphani- 
lamide went into solution leaving a small quantity of 
water insoluble residue. This white water insoluble 
powder could not be crystallized from common organic 
solvent and was purified by dissolving it in dilute 
alkali solution and precipitating it back with mineral 
acid after treatment with little norite. On further 
study it was found to be n-n'-bis-(p-sulphonamido- 
phenyl) -piperazine (1) white powder m.p. 283°C. 
decomposition. (Found, N., 14*41 C 16 H i0 O 4 N 4 S 2 re- 
quires N., 14' 14 per cent). 

nh 2 o 2 s<^ ^>n n<^ ^>so 2 nh 2 

^-CHs— CH*/ 

(I) 

The yield of the piperazine derivative (I) was only 
3% theory, but when sodium carbonate was used 
during the course of reaction for the neutralization 
of the liberated hydrobromic acid, the yield was 
improved. 


Similarly after the hydrolysis of the acetyl deri- 
vative obtained by the interaction of ethylene dir 
bromide and sodium salt of acetyl-sulphanilamide, 
with mineral acid, the clear solution was strongly 
alkalized . Kthy lene-bis-NUsulphanilatnide went into 
alkali solution due to the presence of free amido 
hydrogens available in the molecule but an alkali 
insoluble product remained, which was collected, 
washed well with water and alcohol and dried. This 
product contained diazotizable amino groups and was 
crystallized from nitrobenzene. It was found to be 
N-N'-bis (sulphanilyl) -piperazine (II). Yield 3% 
theory ; white silky needles ; m.p. 328°C. decomposi- 
tion. (Found N ; 14*24 C l6 H2o0 4 N 4 S 2 requires N 
14’ 14 per cent) 

yCH 2 — CH 2S ^ 

NH 2 <^ ^SO a N' NS0 2 <^ ^>MH 2 

S , V'H 2 — Ch/ 

(II) 

In both the above cases, the piperazine deriva- 
tives of sulphanilamide have been obtained in small 
quantities as side products and after searching through 
literature, it was found that (I) has been previously 
prepared by the interaction of sulphanilic acid, 
potassium carbonate and ethylene dibromide and 
subsequent treatment with ammonia. 2 Kermach and 
Tebrich* have prepared (II) by reacting acetylsul- 
phonylehloride with pierazine and subsequent hydro- 
lysis. The properties of the compounds non reported 
are in agreement with those reported in literature. 

Sulphanilamide substituted piperazine deriva- 
tives’ 1 ' 0 have not shown encouraging antibacterial 
activity but recently some alkyl-piperazylalcohols 7 
have shown fair activity against avian malaria. It 
will be interesting to assess the antimalarial property 
of these compounds. 

My thanks are due to Dr P. C. Githa and Dr B. 
H. Iyer for their keen interest and help during the 
course of these investigations. 

H. L. Bami 

Organic Chemistry Laboratories, 

Indian Institute of Science, 

Bangalore, 8-9-1948. 

1 Bami, H. L., Iver, B. H, and Gulin, P. C., /. Indian 

Chem. Soc ., 24, 31, 1947. 

* Sanna, G., Rend. Seminar facolta Sci. Uni. Colgliari, 10, 

46, 1940 (cf. Amer. Chem. Abst., 37, 1718, 19$). 

3 Kermack, W. O. and Tebrich, W., J. Chem. Soe., 202, 

1940. 

4 Main, E. R., Shinn, L. E. and Mellon, R. R., Proc. Soc. 

Exptl. Biol . & Med., 42, 115, 1939. 

6 Cooper, F. D., Gross P. and Lewis, M., ibid, 421. 

* Rohlbach, D., Archiv. Hem. Farm., It, 99, 1937; Amcr. 

Chem. Abst., 33, 2897, 1939). 

7 Lutz, R. E. and Shearer, N. H., J. Org. Chem., 12, 771, 

1947. 
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ROLE OF INTERMEDIARY FAT METABOLITES IN 
CHANGING THE BLOOD SUGAR AND IN ACCELE- 
RATING GLYCOGENOLYSIS BOTH IN VIVO 
AND IN VITRO 

The hypothesis put forward by Nath and 
Brahmachari, 1 * 2 that the injection of aceto acetic 
acid and /3-hydroxy butyric acid might first stimulate 
the pancreatic cells of the experimental animals atid 
later cause lesions after fatigue through excessive 
work, is supported by the recent histological findings 
of the pancreas of the treated animals at different 
stages of injection. 3 After 26 days of injection of p- 
hydroxy-butyrate there is an increase in the area of 
the islets of JLangerhans and the size of the nuclei of 
those cells. vSimilarly after 53 days of injection there 
appear a distinct sign of degeneration of the islet cells 
there being no change in the acinar cells whatsoever. 
It has also been recorded recently that gradual in- 
crease in the doses is necessary to keep up the hyper- 
glycemic state in the experimental animals. 4 

While supporting these views of islet cells stimu- 
lation by sodium aceto acetate Tidwell and Axelrod" 
have also suggested the possibility of decreased glyco- 
genolysis by the same. But the recent findings by 
the present authors, both in vivo as well as in vitro , 
have proved beyond doubt that the process of glyco- 
genolysis is accelerated rather than retarded by the 
Sodium salts of aceto acetic acid and other fat meta- 
bolites, leaving behind the only possibility of excess 
stimulation of the islet cells and more secretion of 
insulin at the first stage of the experiment. 

Studies in vivo have been done with rats, the 
daily injection of the Sodium salt of /3-hydroxv 
butyric acid being 5 mg. per animal. Glycogen con- 
tents of the liver and muscle were determined accord- 
ing to the usual method** and some of the results are 
showm below’ : 


Substance* used — /2-hydroxy butyric acid (Na suit) 
Daily dose — 5 nigm. per rat. 


No. of 
Expt. 

Body wt. 
(in gill.) 

I. (Normal); 

i ~ " 

175 

2. ( „ )j 

j 122 

3. 

155 

4. i 

170 

5. 

! 120 


i Glycogen in mgni. per 


Kxperinien- 

, 100 jftn. 

i 

of tissues 

tal period 


in days j 

I 

1 

i 

Liver 

i 

Muscle 

i 

Nil. 

260 0 

! 130*0 

Nil. 

230*0 

' 125 8 

10 

1730 

I 19*2 

25 

48*0 

: 290 

55 

40*8 

20*5 


The in vitro perfusion experiments were then 
done with normal liver sliee(rat) in Ringer’s solution 
modified by Krebs. 7 

2 and 5 mgm. of Sodium aceto acetate were 
found to # accelerate the process of glycogenolysis by 


44 per cent and 70 per cent respectively in I hour’s 
time. 

All these results show very nicely how the inter- 
mediary fat metabolites are greatly responsible for 
bringing about marked glycogenolysis, a symptom so 
common ill the diabetic individuals and also explain 
the alteration in the balance between the hepatic 
glycogenesis and glycogenolysis observed by Mirsky 
et. at . 8 

These findings also give a clue- regarding the 
possibility of accumulation of excess concentration of 
sugar in blood wdien stimulation of insulin secreting 
mechanism of the pancreas suffers through successive 
injection of ketone bodies into the experimental 
animals or through the accumulation of acetone bodies 
in the diabetics even before t;he actual degeneration 
of the islet cells begins. 

Further investigations are in progress. 

M. C. Nath 

C. H. CllAKRABORTY 

V. G. Hatw’Ai.nr 


Department of Biochemistry, 

Nagpur University, 

Nagpur, 8-9-1948. 

’ Nuth, M. C. and Brahmachari, II. D., Xatiue, 154, 4S7, 
1944. 

a Nath, M. C. and Brahmachari, II. !>., Nattnc, 161 , 18, 
1948. 

1 Nath, M. C., Brahmachari, II. I). and Gopalkrishuu, A., 
(unpublished observations) . 

1 Natli, M. C. and Brahmachari, II. D. (in the />><*$ s). 

a Tidwell, TI. I). and Axelrod, II. K., J. liiochcw., 172, 179, 
1948. 

“Good, C. A., Kramer, 11. and Somogyi, M , J. Wot. (hew., 
WO 485 1933 

: Krebs, II. A., Z. Phvsiol. Cliem., 217, 193, 1933. 

8 Mirsky, I. A. rt al, J. Physiol., 120 ( 4), 081, 1937. 


ON THE PRODUCTION OF DESIZING AGENT 

VarioUvS commercial amylases arc used in the 
desizing of textiles but difficulty arises in their pro- 
duction as well as in their storage 1 particularly in 
tropics. Aspergillus oryzae is the common fungus 
used mostly for this purpose under varying condi- 
tions. A rapid production and preservation of the 
enzyme would virtually depend on the nutrients of 
the medium during cultivation of the moulds 2 , on 
the formation of a uniform yellow to yellowish-green 
lawn of spores and on the absence of any deteriorat- 
ing agent during the process of production, and sub- 
sequent storage of the enzyme (cf, Underkofler et al*). 
Working in this direction it is being noticed that the 
growth may be hastened by incorporating a hydro- 
lysate suitably prepared from oilseeds cake to wheat 
bran inoculated with the spores of A . oryzae ; and 
the enzymes formed may be easily separated out to 
afford a powder suitable for desizing work. 
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A strain of A. oryzae was first grown on an usual 
acidified wheat bran 4 (1 Kg.) mixed with one litre 
of groundnut meal hydrolysate made from 100 gms. 
of the meal by digesting it with 0*1% sulphuric acid 
at 30 lbs. pressure for 2 hours and adjusting the 
filtrate to pH ca 5 0, as well as, with the enzymic 
hydrolysate made by the method of Basu et al 5 . The 
incubation was carried out at 28-30°C in trays in an 
atmosphere with a humidity of 75-85% for a period 
of 72 hours. The entire mass was covered by a uni- 
form yellow-green lawn of spores. This was then 
extracted with 4*5 gallons of potable water containing 
20% sodium chloride and 0*05% thiourea. One c.c. 
of this extract was added to 50 c.c. of a 2% solution 
of corn starch and warmed at 40° C for 8 minutes. 
The lowering of viscosity of the starch solution as 
noticed from the time of flow in seconds from a 
double-flask viscometer, was taken as the measure 
of the enzymatic activity of the mould growth on 
various experiments carried out in the course of these 
investigations. The extract on concentration in vacuo 
within 45-50°C and subsequent precipitation with 
methyl alcohol afforded a solid suitable for desizing 
purposes. Details of the paper would be published 
elsewhere. 

H. N. Chatter jee 
U. P. Basit ■ 

Bengal Immunity Research Institute, 

Calcutta , 1 0-9- 1 948 . 

‘ Harvada, J. hid, Eng . Chcm., 15, 67, 1923. 
a Bindal and >Sreenivasaya, J. Sci. hid. Res., 3, 386, 1945; 
Rao, M. R. R. and Sreenivasava, Curr. Sci., 15, 249, 
1946. 

1 Underkofler et al, lnd. Eng. Chetn., 38, 980, 1946. 

4 Basu, U. P. & vSen, S., /. Sci. hid. Res, 6B, 54, 1947. 

Basu, U. I\, Sen, A. and Sen Gupta, S., lnd. Med. Gaz., 
80, 398, 1945. 


COLCHICINE INDUCED AUTOTETRAPLOID JUTE, 

C. CAPSULAR1S AND C. OLITORIUS AND THE 
PROBLEM OF RAISING IMPROVED VARIETIES 

Commercial jute is obtained from two different 
species, Corchorus capsularis and C. olitorius of the 
family Tiliaceae. The bulk of the commercial jute 
which feeds the jute mills is obtained from C. capsu- 
laris which grows plentifully in East Bengal (E. 
Pakistan). Each species has certain advantageous cha- 
racters, agricultural and commercial, over the other. 

It has been realized by all concerned that there 
could be a vast scope for improvement of jute if the 
characters of the two species could be suitably com- 
bined through hybridization. But, as the two species 
have been found to be incompatible 1 ’ 2 , the efforts to 
raise improved varieties of jute, made by both the Agri- 
cultural Department and in recent years by the Indian 
Central Jute Committee, have so far been restricted 


only to selection of strains within the two species. 
It is strange however, that although the incompati- 
bility between the two species is long known, a 
critical study of the cause of this incompatibility 
has yet to be made. 

While work in this direction is in progress in this 
laboratory, the other line of approach to overcome 
incompatibility by doubling the chromosomes through 
the application of colchicine has yielded such promis- 
ing results that a prompt announcement of the 
findings, though incomplete, is warranted in creating 
general interest and drawing attention of those con- 
cerned in the improvement of this important crop. 

Rao et-al s recorded details regarding the success- 
ful induction of tetraploidy in one of the species, C. 
capsularis. From the above account it appears how- 
ever, that they have failed to continue the tetraploid 
line which could be used for subsequent breeding 
work. By continued selection since 1944, when 
tetraploidy in this species was first induced 4 we have 
been able to maintain a tetraploid line of this species 
showing improvement in the setting of seeds (from 
0-4 to 5-20 viable seeds per capsule). Induction of 
tetraploidy in the other species, C. olitorius, which 
could not be made so long, has become successful 
this year and we have been able to raise a large 
number of tetraploid C. olitorius plants after extensive 
trials with colchicine both on the seeds and seedlings. 

A study of the morphological characters of the 
tetraploids has shown that there has been a general 
giganticism in the tetraploids with respect to leaves, 
flowers and 4 fruits. The seeds of the tetraploids 
especially in C. capsularis are of various sizes, but 
the viable* ones are much bigger than those in their 
corresponding diploids. It will be interesting to know 
in this connection whether the glucoside contents, 
‘corchorin’ etc., 5 of the tetraploid seeds and leaves are 
higher than those of the diploid species. The leaves 
of the tetraploids are more coriaceous and in 4 n C. 
olitorius they are much broader. The stomata and 
epidermal cells are much bigger, but these characters 
alone are not confirmatory in distinguishing the 
tetraploids from the diploids, since in colchicine 
treated population occasional periclinal chimeras are 
produced which also show bigger stomata and epider- 
mal cells but normal haploid pollen. Further, diploid 
plants with tetraploid branches are also found among 
the colchicine treated population 0 . 

The pollen grains of the tetraploids are roundish 
with mostly 4 germ pores, while they are somewhat 
oval in the diploids with usually 3 germ pores. The 
grains are also bigger and their percentage of steri- 
lity is much higher especially of C. capsularis as 
shown below. 

Both the diploid species are perfectly fertile and 
form 7 bivalents (2n-l4) during meiosis (Fig. 1), 
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Their corresponding autotetraploids on the other hand 
have 28 chromosomes in their body cells. Their 
P. M. Cs. are much bigger and show irregularities 
during meiosis. Due to duplication of chromosomes 



/ 

C. capsularis 

C. olitorius 

1 


2 n 

4n 

I ! 

2n 

An 

Pollen size 

37*6/* x 30*6/1 

37*6/i | 

1 35*4/ix30*6/i 

37*6/i 


to 

to 

i to 

to 

Pollen 
sterility ; 

42*3/1x37*6/1 

56*4/i 

t 44*7/ix37*6/i 

49*4/i 

1% 

65*4% | 

| 2*3% 

8-3% 

(% of ! 


empty 

grains) 

' i 

l 

i 

i 




both univalents and multivalents are formed (Figs. 2, 
3 & 4). Random disjunction of these, results in the 
production of aneuploid spores. The frequency of 
quadrivalents in C. capsularis is higher than in 
olitorius. In the latter a high percentage of bivalents 



FIGS. 1-4. Meiotic stages of jute. Fig. 1. Diakinesis in 
normal 2 n C. capsularis (n-7). Fig. 2. The same in 
colchicine induced An plant showing 2 IV-flO II. 
Fig. 3. Metaphase I in colchicine induced 4>t C. olitorius 
showing 1 IV-f 3 III-F6 II+3 I. Fig. 4. Division II in 
4 u C. olitoiiu < (ti — 14) . The equational split of the 
chromosomes is evident, x 3600. (Acetocarmine pre- 
paration) . 

is the rule. This is correlated to a higher percentage 
of healthy pollen grains and a better setting of seeds 
in the latter species. These characters of the autote- 
traploid form indicate that the diploid C. olitorius is a 
structural hybrid. Besides due to upset of the timing 
balance in the pairing of chromosomes a good number 
of P. M. Cs. in the 4 n C. capsularis fail to complete 
meiosis, thereby further increasing its percentage of 
sterility. 

From a large number of reciprocal crosses made 
during this season between the autotetraploid forms 
of the two species we have been able to obtain few 
healthy fruits. We expect to raise from these a 
number of tetraploid hybrids (Fj) next season. In a 
population* of sutfj hybrids a few fertile amphidiploids 


showing a combination of characters of both the 
species are likely to be produced. Even in case the 
hybrids show sterility, there will still be scope to 
make them fertile by doubling the chromosomes once 
again through colchicine treatment. Further, selec- 
tion and breeding work using the F t hybrids will offer 
great possibilities in raising improved strains of jute. 

Rao el al 3 have already pointed out that doubling 
of chromosomes affect the characters of the fibres in 
C. capsularis. Although the total number of fibres 
in a tetraploid plant is the same as that of diploid, 
the total volume measured from the cross section of 
the stem shows an increase. Whether this will in- 
crease the yield (by weight) of jute in such plants 
has yet to be proved. Besides, the physical and 
chemical properties of the fibres of the tetraploid 
plants have also to be studied. The 4 n C . olitorius 
offers promise in this direction and it is worth the 
while to grow them in large numbers under different 
conditions to ascertain whether the tetraploid form 
of this species can be commercially exploited. 

P. N. Bhaduri* 

A. K. Chakravorti 

Cytogenetical Laboratory. 

University College of Science and Technology, 

35, Ballygunj Circular Road, 

Calcutta, 12-10-48. 

1 Finlow, K. 8. and Burkill, I. H., Mem. Pep. Agii. India. 
Bot., 4, 73-92, 1912. 

* Oliosh, R. L. M., Ind. Jour . Genet. & PI. Breed., 2, 128- 
133, 1942. 

1 Ran, K. P., Sanyal, A. T. and Datta, J., SCIENCE ANn 
Culture, 10 , 86-98, 1944. 

4 Bhaduri, P. N., 32nd. Ind. Sci. Congr., 1945 (Bot. Abst.). 

5 Sen, N. K. and Das, N. N., Ind. Jour. Physiology & Allied 

Sci., 2, 1-6, 1948. 

4 Bhaduri, P. N., Jour. Roy. Micr. Soc.. 59. 245-276, 1939. 

* Senior Research Fellow, National Institute of Sciences 
of India. 


SPECTROGRAPHIC ANALYSIS OF INDIAN COAL-ASH 

The ashes of some Indian coals from Jharia, 
Raniganj, Hyderabad and Assam were analysed 
chemically by Majumdar 1 ; the analytical results in- 
cluded only the oxides of Si, Al, Fc, Ti, Mg, Ca, S, 
P, Mn, K, Na and no other trace element. Majumdar 
found that ashes of Tertiary coals of Assam were 
almost completely free from Ti. 

In the present investigation, spectrographie ana- 
lysis of coal-ash from different coal fields of India was 
carried out at 10 amps. 220 volts with quartz 
spectrograph using purified carbon rods 2 . The in- 
cineration of the coal was made in verj r thin layers 
over porcelain basin placed inside an electrical fur- 
nace at 400°C. The cathode was 5 mm. in diameter 
with a flat plain surface at the end. An anode with 
10 mm. deep bore and 3 mm. inner diameter, with 
wall thickness of 0*8 mm. was most suitable for the 
analysis, A few milligrams of the coal-ash (10 mg. 
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approx.) were introduced into the boring of the carbon 
rod (anode), then slightly compressed and the upper 
portion of the boring was packed with pure carbon 
powder. The time of exposure was 1 minute. The 
spectral region photographed was 2500 A — 3500 A. In 
the tabic only the elements having characteristic lines 
in the spectral region studied are recorded. 


carbon rocls 2 used as electrodes were not free from 
boron, the presence of this element in coal-ash could 
not, however, be definitely ascertained. Details of 
the work will be published shortly. 

Our best thanks arc due to Prof. P. B. Sarkar 
for his kind interest in the work and for providing 
laboratory facilities ; to the Director, C.S.I.R., for the 


Specimens of 
coal-ash 


Ash 

p.c. 


Ag 


/Ls.sam. 

1. Garo-hills 

(977-22) ... 1 16*3, 44 

2. Garo-hills 

(977-7) ... i 2-10 , 4 4 

3. Margherita. Nam- 

dnng Colliery ... ' 2-78 ! 4 + 

4. Cherrapunji , 

Colliery . . , 17*94 j ... 

Bengal. : ■ 

5. Darjeeling. Da- , j 

lingkote Colliery 
(921, No. 7quary) 12 20 

0. Dishergarh, 

Raniganj Coal- 
field ... 1120 

7. Banuli, Raniganj 

Coalfield. .. 6*35 I ... 

Bihar. 1 | 

8. Kargali Colliery, | j 

Bokaro Coal-field ; 

(No. 6 quary) ... (33*56 ! 44 

9. Khas-Govindpur ! 

Colliery. (No. V | 

Seam), Katras- ; ! 

garli, Jharia Coal- i i 

field (850) ... 1 2P15 j 44 

10. Bird’s Katras j 

Chailridih Col- I 

liery, Katrasgarli,! 

Jhatia Coal-field i 

(879) ... 1 18*01 | 44 

Hyderabad ( Dn .) i 

11. Birlev Pit. Sin- ! | 

garenai Coal-field j 7*14 4 4 

12. Tandur ... 1 12*40 I 44 
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* The authors arc indebted to Dr R. K. Dutta Roy and Dr A. G. 
of Bose Institute, Calcutta, for supplying the specimens of coal. 


Jhingran of G. S. I., ami to Dr. J. K. Chowdhury 


The main constituents of all the coal ashes were 
the same as that obtained by Majumdar 1 . The only 
difference was that even in the ashes of Tertiary coals 
of Assam, Ti was present in quite a large amount. 
The importance of the analysis was the detection of 
germanium and gallium. A fair concentration of 
germanium was detected in the ashes of coal from 
Birley Pit, Singarenai (Hyderabad) and Garo Hills 
(977-22). Gallium was present in the ashes of Singa- 
renai coal in considerable traces. As the purified 


research grant ; and to the Director, Geological 
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Bibhuti Mukherjee 
Rabi Dutta 
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University College of Science & Technology, 
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1 Majumdar, J. M., Fuel, 17, 230, 1938. 

* Mukherjee, B., Ind. Jour . Phys .. 21, 119, 1947. 
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CZECHOSLOVAKIA— AN OBJECT LESSON FOR 
INDIAN ADMINISTRATORS 


rpHRY say that the East of Europe lies behind an 

iron curtain ; but Czechoslovakia is an excep- 
tion. It lies behind an open window. Its trade with 
Western Europe is rapidly increasing ; and the techni- 
cal trade missions recently sent out by this country 
to the Far East bid fair to open new avenues for ex- 
change of goods and establishment of friendly rela- 
tions. This little country of 130,000 sq. kilometers 
(about 50,000 sq. miles) and 12 million people has 
much to teach us. 

“On the 30th September last the Czechoslovak 
Government approved of the Bill for the Five-Year 
Economic Plan after having heard a detailed exposi- 
tion by A. Zapotocky, the Prime Minister, of its main 
principles and the preliminary conditions for its ful- 
filment. The Five-Year Plan measure ensures a full 
development of productive forces and makes possible 
a planwise increase in the national income by 48 per 
cent in the course of five years. The coming into 
force of the national insurance scheme means a more 
rapid consumption, so that the total increase of private 
consumption per capita will, by the end of the five 
years, be 37 per cent above the 1948 level. The trend 
of the Plan’s influence on Czechoslovakia’s economy 
is shown by the following main heads of planned 
development (See column 2) : 

In order that the full development of the planned 
sectors of Czechoslovakia’s economy be attained it is 
necessary for productive work to advance to the extent 
stipulated in the Plan, in industry by 32 per cent., 
in agriculture by 20 per cent., in building operations 
by 53 per cent and in transport by 30 per cent. 

The situation of the Czechoslovak metal industry 
is very satisfactory. Its exports show a steadily rising 
trend. This was stated by Mr. V. Kratky, C. E. 
Deputy Manager-General of the Czechoslovak Metal- 


working and Engineering Works in his report on the 
metal industry. Thus in the year 1946 the exports 
of Czechoslovak metal products were valid at 1*3 


milliard crowns, in the year 

1947 at 

465 

millards, 


1948 

1953 

i 

•Rise in% 

National Income (in milliards 



i 

Kcs — 1 Re. = 15 Kcs.) 
Production : 

210* 

310+ 

I H8% 

i 

Industrial output (in milliards 
Kcs.) 

Agricultural output (in millards 

288 

454 

157% 

Kcs.) 

Building operations (in mil- 

90 

105 

116% 

liards Kcs.) 

! 20 ! 

46 

230% 

Employment : 

1 


Industry, exclusive of small 




trades (No. of persons in ! 
thousands) ... ... 

1362 , 

1616 

: 118% 

Agriculture and forestry ,, j 

2040 ! 

1944 

; 9s% 

Building operations ,, j 

210 j 

315 

' 150% 

Transport „ 

Consumption : 

: 323 

i 

343 

106% 

Per head of population iti 




1949-1953 (in millards Kcs.) 

356 ; 


135% 

Investments : 

! 


Social welfare, public health, 




culture and education 

28*6 ; 


... 


* 14,000 crores of rupees, 
t 21,000 crores of rupees. 

and for the year 1948 they were planned to reach a 
total of 10 milliards. By the 1st of September of this 
year, however, contracts already completed and others 
still in hand, with the end of the year as time-limit 
for delivery, represented a total of 10*6 milliard 
crowns.”* 


* Czechoslovak Economic Bulletin issued by the Czechs 
Slovak Government Trade Commissioner in Tndia * -Noveju* 
her 1, 1948. 
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Czechoslovakia thus expects to increase her per 
capita income from Rs. 1180 in 1947 to Rs. 1660 in 
1953. In the years, before we achieved our indepen- 
dence, all sections of the people of India had hopes 
that plans would be made and executed by our 
popular Government to achieve a predetermined in- 
crease of income for consecutive five year periods. 
This hope has now almost vanished. We are having, 
on the other hand, conferences of economists, 
bankers, industrialists, provincial ministers, and 
members of central cabinet with only one object in 
view — how much of the programme of development 
of state sponsored enterprises in industries, communi- 
cation and social welfare, can be axed and how 
quickly. The freedom loving capitalists believe that 
every state enterprise is a nuisance, but that State 
should only nurse with protective tariffs and special 
concessions, the industries which they may start. 
The economists who have the ear of Government 
believe that money and credit are sacred institutions 


which should not even be touched by the breath of 
nonconformists. And many bureaucrats in the Indian 
Civil and Finance Services do not have the elemen- 
tary idea that real wealth is the result of work done 
by men with their skill, muscles and machines. They 
have seriously suggested that men and women should 
be deliberately thrown out of employment so that 
there would be less purchasing power in the country 
and cost of living in terms of ,the rupee might come 
down. Retrenchment Committees are therefore hot 
favourites in the land. These are not the ways to 
increase our national income or improve the standard 
of living of our people. 

The Czech Prime-Minister has shown the way 
of better living for his people. When will our Prime- 
Minister — the idol of our people and the President 
of the National Planning Committee which was set 
up in the days of British Imperialism-give a similar 
lead* to our Country ? 


ATOMIC FLAMES 

W. M. VAIDYA, 

READER IN PHYSICS, DELHI UNIVERSITY (NOW IN LONDON) 


JT is not yet known when the art of making ‘Fire' 
became first known to primitive human societies, 
but 'fire-making* appears to have made a tre- 
mendous impression on early Man, and innumerable 
myths grew round it. 'Fire* or Agni appears to have 
been one of the Chief Gods of all primitive Aryan 
people and sacrificial fires were carefully nurtured 
by the ancestors of Hindus and Parsees. In Greek 
mythology, the friendly Titan Prometheus was 
supposed to have stolen ‘Fire*, a guarded secret of 
gods from Heaven for the benefit of man, and this 
appears to have enraged the gods as much as the 
suppositious ‘Theft of Nuclear Fire* by the Commu- 
nists continue to provoke American and British poli- 
ticians. Fire was early used for cooking, lighting, 
scaring away wild beasts, and burning enemies and 
their possessions. But the innumerable other uses 
of Fire, for metallurgy, for producing steam to drive 
engines, and to produce electricity came later, some 
within living memory. 

Scientifically, the art of making fire, is nothing 
but a chemical process in which two or more 
molecules are made to combine, and heat is evolved. 
Tims when we take the very common-place process 
of burning of coal, the mechanism can be written as : 
C + O a = CO + 29 Kcal (incomplete combusion) 
CO + i0 2 * 00*4-69 Kcal 
C40*«C0*498 Kcal (complete combustion) 


The first process is incomplete burning, the third 
is complete burning when carbon is completely 
burnt. When a grammolecule of oxygen combines 
with a gram atom of carbon, 98 kilocalories of heat 
are evolved, i.c., we get 8 kilocalories per gram of 
carbon burnt, and 2‘2 kcal per gram of carbon-oxygen 
mixture. Any chemical reaction which evolves 
‘Heat* can be utilized in place of coal as fuel, pro- 
vivid other conditions are favourable ; for example, 
we burn petrol which consists of hydrogen com- 
pounds of coal, with a mixture of air to drive internal 
combustion engines. During the war, the Germans, 
faced with shortage of petrol, used hydrogen per- 
oxide, and liquid oxygen for their V 3 -Bombs, and 
many other kinds of fuel were tried. 

All these processes involve chemical reactions 
between different kinds of molecules, and the amount 
of heat produced per gram of fuel burnt is rather 
limited. It was apparent to fuel scientists, that 
"atomic reactions'' would give much larger amounts 
of heat per gram of fuel consumed. Thus if two 
gms. of atomic hydrogen were to combine with six- 
teen gms. of atomic oxygen the amount of heat pro- 
duced would be. 

2H 4 O =H a O, 4 102 4 59 4 68«H 2 0 4 229 (Kcal) 

102 Kcal is the heat evolved when two gm 
atoms of hydrogen combine to form one gm. mole- 
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cule of H„ H7'4 is the heat evolved when two gm 
atoms of oxygen combine to form one gm. molecule, 
and 136 Kcal is the amount of heat evolved when two 
gm-molecules of Hydrogen gas combine with one 
gm-molecule of oxygen to form one gm-molecule 
of water. We get nearly 13 Kcal of heat per gm. 
of fuel consumed whereas in ordinary burning of 
carbon, we get only 2 2 Kcal per gm. of total fuel 
burnt. 

If only two atoms of hydrogen can be made to 
combine directly we get 102 Kcal, i.e., nearly 51 
Kcal per gm. of fuel. 

It is apparent that as far as production of heat is 
concerned, Atomic Fuels will be far better producers 
of energy than ordinary molecular fuels, whether in 
the form of solid, liquid or gas, but there are other 
important factors which stands in the way. 

First, the probable fuels hydrogen, oxygen etc. 
are found in Nature in the combined state, and it 
requires great effort accompanied with expenditure 
of energy to split them into atoms. Eecondly it is not 
possible to store “atomic fuels”. They must be 
spent as soon as produced. There are other tremen- 
dous difficulties in handling. 

The first difficulty was overcome when Wood, 
(1922) discovered easy methods of producing atomic 
hydrogen in bulk. He observed that if a high current 
discharge is passed through hydrogen at a pressure 
of 01 mm or so, in a wide discharge tube a metre 
long, then an appreciable proportion of molecules of 
hydrogen in the middle of the discharge tube arc 
converted to atomic hydrogen. 

This is indicated by the fact that the many lined, 
or secondary spectrum of hydrogen, which is indica- 
tive of the Ha-molecule, is confined to regions near 
the electrodes, while the central portion of the tube 
shows the Balmer Lines very prominently, almost 
free from the molecular lines. By using the tube 
end on, Wood was able to photograph the Balmer 
series to the 20th member, which was a considerable 
advance, considering that the intensity of the 20th 
member is only 1 /250th of that of the 12th, the last 
line usually photographed in the laboratory. Accu- 
rate measurements within a few thousands of an 
Angstrom were also made by him upto the 18th 
member by photographing the series in the third order 
spectrum of a 7 inch plane grating with a lens of 20 ft 
focus. This showed that by this simple expedient, a 
large fraction of H a -molecules can be converted to 
atoms a fraction of which is highly excited. 

Bonhoeffer utilised (1927) Wood’s method of 
obtaining atomic hydrogen in quantity for producing 

1 Present day conventional use of the term atomic energy 
or atomic fttel actually mean nuclear energy and is a mis- 

nomer. 


flames burning in atomic hydrogen and examining 
their spectra. 1 2 He also investigated in greater 
detail the chemical and physical properties of atomic 
hydrogen. This work was later extended by Harteck 
and Kopsch. (1931) to the production of flames in 
atomic oxygen. Since then a good deal of research 
has been made upon the chemical properties of atomic 
hydrogen and atomic oxygen by Geib, Harteck, 
Steacie and others ; the earlier researches are sum- 
marised by Geib (1936). While later work is dealt 
with by Steacie in his recent book ‘Atomic and Free 
Radical Reactions’* (Reinhold, 1946). 

Since the subject is rather extensive an attempt is 
made in this article to describe the more well known 
properties of atomic hydrogen and atomic oxygen 
and in particular their utilisation for the production 
of flames for spectroscopic examination. The appara- 
tus is described below since it illustrates the prin- 
ciples very well. (Fig. 1) 

Hydrogen from a compressed gas cylinder, after 
passing through a flow-meter, enters the long dis- 
charge tube at the top. The discharge tube, 2'5 cms. 
in diameter, is a metre and half long, bent in 
the middle so that the tube appears U in shape. The 


* For the measurement of concentration of hydrogen 
atoms a method has been devised by Wrede and Harteck 
(Zs. /. Physik, 54, 53, 1929). It is however applicable only 
where the atomic concentration is fairly large such as in 
the Wood type of discharge tube. The principle is that if 
a stream of gas containing both atoms and molecules is led 
through a capillary whose bore is less than the mean free 
path of the gas, then the flow of gas through the capillary 
is mainly by diffusion. Inside, therefore, we have only 
molecules passing through the capillary and on the outside 
both atoms and molecules. In the steady state the pres- 
sure will be lower inside than outside and the volume per 
cent of atoms (n) is given by 

100 (P r PJ 

P, (1-0 5 2) 

where P, is the pressure outside and P, that on the inside. 
The pressure is generally measured by the Pirani gauge. 

Calorimettic methods have also been used for measur- 
ing the atomic concentration since the heat of recombination 
is fairly high. Thus, Schwab and Friess (Zs. f. Eleklro - 
chetnie, 39, 586, 1933, for absolute measurments used a 
calorimeter consisting of a thin metal plate to which a 
thermocouple was attached. The calorimeter was previously 
calibrated by heating it electrically so that the amount of 
heat generated on account of atomic recombination could 
be known. 

More recently, Melville and Robb (conference on labile 
molecule, Oxford, 1947) have described a method for mea- 
suring atomic hydrogen atoms react with molybdenum 
trioxide the oxide turns blue ; and the measure of the blue- 
ness of the colour gives the concentration of the atoms. 
The amount of blueness is measured by the intensity of 
light reflected from the surface which can be measured by 
a photo-electric cell. 

• Early in 1939, the author in collaboration with Dr Geib 
had obtained preliminary results on the spectra of hydro- 
carbon flames, utilising ihe apparatus available in the labo- 
ratory of Prof. K, F. Bonhoeffer at the University of Leipzig. 
Similar apparatus has now been set up by him in the 
laboratory of Prof. Sir Alfred Egerton for the study of the 
spectrum of deutero-acetylene burning in atomic oxygen in 
order to determine the emitter of the hydrocarbon flame 
bands by means of isotopic shift. 
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electrodes are made of hollow aluminium cylinders 
and connection is made with the secondary of the 
transformer through tungsten wires sealed in the 
glass. The primary of the transformer takes 20 amps 



from 220 volts, main supply. During the running 
of the discharge the electrodes are cooled by a fan. 
A stream of unrecombined atoms is tapped off from 
the middle of the discharge tube and this enters the 
reaction vessel where it meets acetylene or any other 
gas whose flame is under investigation. The products 
of combustion are pumped off by a fast mercury 
pump, condensable products being collected in a 
liquid air trap, pressure is indicated by a vacuostat. 

In case of atomic oxygen an additional precau- 
tion is necessary owing to the formation of ozone. 
Ozone is got rid off by decomposing it by passing 
over a strip of platinum heated electrically to dull 
red heat. 


of 0‘5 mm and 50 cms streaming velocity is quite 
high, the reason being that not every collision leads 
to the formation of a molecule. In order that a mole- 
cule be successfully formed by collision between 
hydrogen atoms it is necessary that a third body be 
present to abstract the liberated energy. If a 
tungsten wire is sealed in the path of the stream of 
atomic hydrogen it becomes red hot on account of 
the generation of heat of recombination of hydrogen 
atoms. All metals do not promote the recombination 
to the same degree. Conversely, there are substances 
which prevent the recombination of hydrogen atoms ; 
important among these are water, phosphoric acid 
and potassium chloride. When a high yield of hydro- 
gen atoms is needed it is usual to poison the walls 
of the discharge tube by coating them with 
water or phosphoric acid. The same object is 
achieved by using moist hydrogen. 

One important industrial application of the large 
amount of heat liberated by the recombination of 
hydrogen atoms is the Langmuir’s hydrogen torch 
for high temperature welding. (Fig. 2) 



Fic. 2. The Hydrogen Torch. 


Chemical Properties of Atomic Hydrogen 

Chemical properties of atomic hydrogen have 
been investigated by Bonlioeffer by drawing the 
stream of atomic hydrogen through a side tube off the 
main discharge. If small pieces of sulphur are placed 
at different distances the reactivity of atomic hydro- 
gen with sulphur falls with increasing distance from 
the main discharge and hence the life time of the 
atomic hydrogen can be calculated. It was found 
to be of the order of 1/3 second at a pressure of 0*5 
mm and 'the gas streaming at 30 cms per second. The 
life time can be increased to 1 second if the streaming 
velocity is increased and the- pressure lowered to 01 
mm. Even the life time of 1/3 sec. at the pressure 


In this case an arc is struck between two tungs- 
ten electrodes against which is flown a stream of 
atomic hydrogen, which then burns with a fan-like 
appearance. With 14 amps, from 440 v.d.c. and 2 
mm distance between the electrodes the temperature 
is greater than 3500°K at a distance of 4 cms from 
the arc while it will be considerably greater at the 
arc itself. Thus, molybdenum with a melting point 
of 2900°K could easily be melted at a little distance 
from the arc while tungsten with a melting point of 
3600°K could be melted in the arc itself. In the arc 
the Balmer lines were strongly emitted while they 
were absent in the flame which gave the HO bands 
in the ultra violet, One additional advantage in 
using hydrogen is that metals are not oxidised* 



ATOMIC FLAMES 


219 


December, 1948 

Atomic Oxygen 

Atomic oxygen can be prepared by the same 
technique as atomic hydrogen. One important com- 
plication when atomic oxygen is produced by the 
Wood discharge tube is the formation of ozone. By 
absorption of light of wave length 2537A it can be 
shown that the concentration of ozone in the stream 
of gas coming out of the discharge tube possessing 
fair proportion of oxygen atoms in the neighbour- 
hood of 1 per mil. If the gas is cooled by solid C0 2 
the proportion of ozone rises to 2 per cent while if 
liquid air is used it can be raised still higher. If 
one assumes that ozone is formed as a result of a 
three body collision, 0 + 0 a — K) a while the decom- 
position of ozone occurs as a result of an encounter 
with oxygen atoms O + O a — >O z taking place at 
every two thousandth collision, it is possible to cal- 
culate what stationary concentration of ozone should 
be at the room temperature ; and the amount of ozone 
found in the above experiments is not far from that 
calculated. This shows that the ozone formation is 
through a three body collision between an atom of 
oxygen and a molecule of oxygen. 

Owing to the danger of explosion if ozone 
were condensed in the liquid air trap* when running 
flames in atomic oxygen, it is decomposed initially 
by passing the effluent gases over a platinum strip 
heated electrically to a dull red heat. 

Chemical properties : — Under favourable condi- 
tions the concentration of atomic oxygen in the gas 
from the discharge tube can be as high as 30 per cent. 
The reactivity with different substances varies, how- 
ever, considerably. Molecular hydrogen, water and 
methane are attacked only to a very small extent ; 
CO about 5 per cent, while acetylene, benzene, 
methyl alcohol and ethyl alcohol react very rapidly. 
For spectroscopic investigations acetylene gives a 
bright flame very suitable for detailed examination. 

Individual chemical reactions are discussed below. 

Hydrogen and Water . — The reactivity with mole- 
cular oxygen is very little, as a matter of fact only 
3 per cent of water is formed if amount of water 
formation is taken as a measure of the reactivity. 
It is considered that water is formed according to 
the equation 

H, + 0=0H + H+1 Cal. 

the hydroxyl being then able to react further to give 
water according to 

20H = H a O + 0 

No hydrogen peroxide was detected, nor was 
OH radical found in emission. This is in marked 
contrast with the reaction of atomic hydrogen with 
molecular oxygen where OH appeared in emission 
and hydaogen peroxide was collected among the con- 
densed products. 


Chemical reaction . — The interaction betweeu 
atomic hydrogen and molecular oxygen is not very 
rapid, but it gives a flame which shows the OH bands. 
Among the products are water and hydrogen peroxide 
whose yield increases to almost hundred per cent at 
liquid air temperature. 

Atomic hydrogen has no reactions with nitrogen, 
ammonia nor with carbon monoxide and carbon di- 
oxide. With chlorine and bromine however the reac- 
tion is very rapid, which is readily understood because 
these reactions are strongly exothermic. Mono-halogen 
substitution products of methane react rapidly so does ' 
hydrogen sulphide which is reduced to sulphur. 
With hydrocarbons excepting methane the reaction 
produces a pale blue flame which shows the C 2 and 
CH bands as also the Balmer series which is from the 
reflected light (Fig. Ilia) By examining the products 
of reactions with hydrocarbons it has been concluded 
that the reaction proceeds through hydrogenation, 
dehydrogenation and the rupture of C-C band. 
These principles are discussed in detail taking the 
reaction between atomic hydrogen and acetylene as 
an example. 

Many of these intermediate reactions are known 
only from spectroscopic evidence, and are sometimes 
difficult to interpret. But the hydrogen in all hydro- 
genous compounds can be replaced by its isotope, 
heavy hydrogen or deuterium, and when the flames 
of these compounds are studied with the spectroscope 
much further light is thrown on the course of the 
reaction. 

As an example, we take the reaction of atomic 
hydrogen with acetylene. 

Acetylene . — In reacting with hydrogen atoms 
acetylene give a pale blue flame which shows the 
CH and C a bands ; acetylene can however be re- 
covered completely undecomposed after the reaction 
though in the presence of acetylene, catalytic recom- 
bination of hydrogen atoms is greatly promoted. A 
series of reactions must therefore take place which 
result in consumption of hydrogen atoms and subse- 
quent regeneration of acetylene. 

Experiments with deuterium atoms prepared by 
Wood type of discharge tube substantiate the con- 
clusion. In this case it was found that the final 
product viz. acetylene was almost in deutero-acetylene 
form C a HD. The mechanism suggested is 

C a H a + D — ^C a H + HD, C a H + D — >*C a HD 

The appearance of CH and C 2 bands could be through 
dehydrogenation and splitting of C a H radical. 

In the alternative mechanism 

C*H a + D — >C 2 H -f HD, C f H + D a ->C a HD + D 

deuterium atoms are removed by the first reaction 
and regenerated by the second, so that there is* no 
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catalytic recombination of deuterium atoms and 
hence this mechanism can be ruled out. If the for- 
mation of deuterium atoms and hence this mechanism 
can be ruled out. If the formation of a quasi-molecule 
is assumed viz. 

C 3 H 3 + D — ^C 2 H 2 D, C 2 H 2 D + ]>~>C 2 HD + HO 
then D4-C 2 H 3 D — K^ 2 H 2 D 2 also is likely, provided the 
quasi -molecule has long enough life, which means 
that a certain amount of ethylene should be formed, 
but no hydrogenation to ethylene was found in re- 
actions with hydrogen atoms from Wood’s discharge 
tube even though metal catalysts are known’ to pro- 
mote hydrogenation of acetylene to ethylene. Hydro- 
genation to ethane, butane and a partially hydro- 
genated polymer was however found in experiments 
with hydrogen atoms produced by mercury photo- 
sensitisation and the rate of hydrogenation increased 
considerably with temperature. These results are ex- 
plained by assuming an initial formation of the C 2 H 8 
(Vinyl radical,) 

H + C 2 H 2 — ^C 2 H 3 


or by H + C 3 H 3 — ^C a H + H a , followed by 

C 2 H + H* — >C 3 H b 

With the high H atomic concentration in the dis- 
charge tube, the reactions occurring most readily are 

H + C 3 H 3 — >C 3 H 3 + H 3 H + C 2 H~>C 2 H 2 
which explains the absence of hydrogenation in the 
discharge tube method while with photo-sensitisation 
method we have 

C 2 H 3 + H 2 — ^C 3 H 4 H- H, C a H a 4* H 2 — ^C 2 H 6 , 

C 3 H + H 3 *->C 3 H s * 

The higher paraffins can be formed by subsequent 
reactions. 
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ATOMIC ENERGY POLICY* 


pROF. BLACKETT author of the book under 
review is Professor of Physics in the Victoria Uni- 
versity, Manchester, and is well known in the inter- 
national scientific world as one of the great outstand- 
ing workers on Cosmic Rays, was .drawn, like many 
other eminent scientists of Britain, into war-service 
during World War II. He is the originator of 
methods of Operational Research which was largely 
responsible for the defeat of German submarine 
menace in the seas round about Britain . He has 
written this book, as he tells us in preface “to find out 
a rational basis for policy for the United Kingdom in 
respect to Atomic Energy.*' As a member of the 
Advisory Committee on Atomic Energy, set up by 
the British Government in 1945, Blackett was officially 
connected with the formulation of the policy which 
led to the start represented by the Atlee-Truman- 
King declaration in November 1945, and the setting 
up of the United Nations Atomic Energy Commission 
in January 1946, a debating body whose labours came 
to a close in June 1948, owing to wide divergence of 
views between the Anglo-American and Soviet groups 
of nations. Blackett says : 

“The conviction grew in my mind that the policies of 
Britain and U. S. A.— for, in essentials, the two appeared 
to be the same— were following the paths which were as 


• Military and Political Consequences of Atomic Energy 
—by Prof. P. M. S. Blackett, F.R.S., Turnstile Press, 
London, W.C. 1. 


unrealistic in their military basis as they are likely to be 
in their political consequences.” 

It requires a courageous man to take up such an 
attitude, but Professor Blackett has not flinched from 
his self-imposed task. His fifteen chapters of nearly 
200 pages, and several pages of appendices are all 
well-documented, and he argues from first hand data 
with the cold logic of a professional scientist. He 
follows Charles Babbage. 

“Nor let it be feared that erroneous deductions may 
be made from such facts ; the errors which arise from 
absence of such facts are far more numerous than those 
which result from unsound reasoning respecting true 
facts.” 

There are extreme views about the efficiency of 
the Atom Bomb as a military weapon. One party 
holds : The Atomic Bomb has almost certainly rele- 
gated all other weapons of modern war — tank, battle- 
ships, guns, rifles and trained masses — to the museum 
(Sir William Beveridge) : the other extreme opinion 
is that Atomic Bomb is just another more new weapon, 
and will eventually be absorbed as in innumerable 
cases in the past, into the practice of the military art, 
without essentially changing its character. Some- 
where, of course, between the extremes, lies the truth. 

Professor Blackett's analysis shows: 

(1) That the atom bombs which were dropped on 
Hiroshima and Nagasaki were equivalent in their destrnc* 
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tive power to 2000 tons of ordinary bomb, a load which 
require? nearly 200 superfortresses to carry. Though the 
potential capacity is equal to a bomb load of 20,000 tons, 
90 per cent of this is wasted on account of the fact that 
most of the energy is spent about the target, which is too 
much pulverized. 

(2) That it should be possible to carry the atom bomb 
safely over the target, hut this :$ possible only 

(i) when the aggressor has complete air mastery 
over the intended victims as Americans had 
over Japan prior to Hiroshima bombing 
(U) when the aggressor commits a surprise attack 
as the Japanese did over Pearl Harbour 

(Hi) when the Atomic Bomb can be hurled from dis- 
tances over 1,000 miles, by means of some 
kind of V 2 -rocket, as part of a push-button 
warfare. 

The third alternative is considered impracticable 
at the present stage of development : says Dr. K. T. 
Compton, America’s No. 1, War Scientific Research 
leader in his report to the TT.S.A. Government : 

“The era of the pushbutton warfare in which inter- 
continental rockets with atomic warheads would wipe out tens 
of millions overnight has not yet arrived. It is extremely 
unfortunate that the misinformations have planted in 
so many minds that the era is now present.** 

On account of the distance of the Russian 
homeland, wide scatter of her cities, and Russia’s un- 
doubted air-strength, it is not considered very pro- 
bable that the U.S.A. will be able to defeat Russia 
by the use of her present stock of Atom Bombs alone. 
Simultaneous use of other weapons of war, air- 
bombing, mechanised land forces, and naval warfare 
are necessary to achieve this end, but prospects of 
success are not very rosy, in view of the extreme 
unwillingness of West European countries (including 
even a large section in Britain, of which Professor 
Blackett is one) to allow their territories to be used 
as a jumping board for action, on account of the 
fear that Russia may possibly occupy Western Europe 
up to the Atlantic within 48 hours of declaration of 
hostilities. 

Blackett is very sarcastic. He quotes from official 
documents of U.S.A. Government : 

“In the military thinking of the United States, the 
acquisition of adequate far-flung bases is continually being 
stressed, and from a military point of view, correctly so. 
For instance, we read that the Navy Department's view, 
in relation to the possible use of V-2 types of weapons is : 

What is necessary to reach the target is a launch- 
ing base relatively near the target— to put it literally, 
within five hundred miles. 

Under the conditions of war in which atomic 

bombs are available to a possible enemy, the importance 
of depriving the enemy of bases near one's own shore and 
preferably of acquiring and maintaining bases close to his 
territory remains as great as before. The logic support- 
ing this proposition derives from the characteristics of 
atomic bomb carriers presently known or conceivable. . . 
The outlying base, if properly placed, is also a tremendous 


advantage to the defence as a further measure of protec- 
tion against long-range bombing aircraft. For such bases 
provide means of advance protection and interception 
which greatly augments the obstacles to penetration of 
vital territories by attacking bombers. These bases may 
themselves be vulnerable to atomic bomb attack, but so 
long as they are there, they are not liekly to be by- 
passed. In this respect the advanced base may be likened 
to the pawns in front of the king on a chess-board; meagre 
though their power may be individually, so long as they 
exist and the king stays severely behind them, he is safe. 

Impeccable military logic! Pawns — Britain, France, and 
Scandinavia — protecting King America and receiving the 
bombs! 

From a political point of view then, of vital importance 
to counteract our loss of the cushion of time is a need for 
allies. We cannot stand alone in the world to-day, if for 

no other reason, for lack of strength to do so The 

shock of a powerful aggressor, with modern weapons, in- 
cluding the atomic bomb, can better be absorbed by a 
number of nations than by a single nation.. The ability 
to retaliate promptly, and eventually to overcome the 
aggressor, likewise, is dependent, if success is to be rea- 
sonably certain on bases, resources, and forces dispersed 
in more than one nation. 

No easy criticism can be levelled at this clear state- 
ment of a military truism. Britain clearly is in a fix, des- 
tined by American military thought to provide the essential 
‘cushion in time* by absorbing the atomic bombs.'* 

According to Blackett, the present tension be- 
tween the Anglo-American and the Soviet group is 
a continuation of the “Cold War” which has always 
been in existence since the emergence of the com- 
munistic state. The menace of Nazism made sather 
strange bed fellows of the Anglo-American and Soviet 
blocks but the mutual suspicion, and distrust of each 
other’s motives have not only revived after the dis- 
appearance of Hitler, but has intensified a hundred 
fold. Blackett severely criticises the dropping of 
Atomic Bombs on the two Japanese cities. His 
arguments are : 

(1) That Japan was virtually on the verge of 
collapse, and had already started negotiations for 
surrender. Far more damage was done by ordinary 
air bombing of Tokyo, and Japan’s air and naval 
force was almost wiped out. 

(2) That the decision to drop Atomic Bomb was 
taken, not so much with the view to compel Japan 
to surrender, or give her rulers an excuse to sur- 
render as has been given out by certain politicians 
but with a view to demonstrate to Russia, which 
was mobilising her arrny to sweep over Japanese held 
Manchuria, Korea and North China, that America 
possessed a weapon with which she could bid a halt 
to Russia’s occupation of the whole of Eastern Asia. 
Further the quick surrender of Japan, which was 
anticipated, enabled U.S.A. to occupy Japan and 
Southern Korea with her land-armies, and thus 
secure a spring board for action against Russia before 
she could move to occupy these regions. 



222 


SCIENCE AND CULTURE 


Vol. 14, No. 6 


The deadly effect of the Bomb could be demons- 
trated by dropping them on lonely islands, but then 
1,20,000 men would hot have been killed at one 
stroke, and the action would have lost its dramatic 
effect. 

In fact, Blackett quotes from the Franck report 
(June 1945) containing the findings and opinions of 
a Committee of Chicago scientists (who were respon- 
sible for the evolution of the atom bomb) presided 
over by the German refugee scientist, James Franck, 
that the atom bomb should not be used over any 
Japanese city. This was 2 months before the deci- 
sion was taken up by President Truman on the 
advice of another group of American scientists, to 
drop the bombs over the two Japanese cities, which 
was done on August 8. Professor Blackett points 
out that the big three had a conference at Potsdam on 
July 20, 1945, and the Anglo-American representa- 
tives had a knowledge of the Los Alamos experiment 
on July 16, 1945, which first revealed the deadly 
nature of the Atom Bomb, but this fact was carefully 
withheld from the Russian representatives. The ulti- 
matum to Japan to surrender was issued on July 26, 
by the Big Three. According to the agreement 
amongst them, Russia was to have declared war on 
Japan on August 8, which she actually did, but the 
bomb was dropped two days earlier, ostensibly to 
frighten Japan to surrender, but actually to enable 
U.S.A. to occupy Japan and as much of Korea as 
possible, before Russia moved too far out. The 
‘Bomb' was thus an indirect hint to Russia to call a 
halt to her forward movements. So the plea that 
the Atom-bomb shortened the war by two years, and 
saved millions of American lives is not accepted by 
Professor Blackett. 

The story of the subsequent cold war is also 
related with extreme frankness. In November 1943, 
Professor A. H. Compton on whose advise President 
Roosevelt started the Atomic Research Programme 
(The Manhattan Project) and who, as one of the 
programme chiefs of the project, had complete know- 
ledge of the potentialities and limitation of the Atom 
Bomb declared in a widely advertized speech, Novem- 
ber 16, 1945: 

“World Government has become inevitable. The choice 
before us is whether we shall elect to fight a catastrophic 
third world war to determine who shall be master. 

In a quarrelsome world the only means of en- 
suring peace is to set up a world government which mono- 
polizes the power to wage war. Thus it is that new mili- 
tary developments culminating iu the atomic bomb make 
inevitable a world government. 

The fact is that the United States now has in 

its possession a sufficient monopoly of weapons needed for 
such policing that it might be able to act in this capacity 

of world police What is needed is an agreement 

which will make the safety of America much surer than 
could result from her own armed might. 


Having made war intolerable because of its 

enormous destructive power, it thus opens the way for an 
international organisation to prevent war from ever occur- 
ring again." 

The ‘Atom-bomb* therefore has given rise to 
such a volume of fear in the world, and distrust 
amongst the “quondam allies* * that nobody knows 
how to get out of it. After the termination of the 
war, the effect on the American mind has been to 
pass from one of extreme nervousness, about her own 
security, lest any other country, particularly Russia, 
gets the secret of Atomic Bomb, and can manufacture 
them in sufficient quantity for use against the U.S.A. 
A section of her politicians therefore now began to 
clamour for ‘Hundred per cent security**, which 
means elimination of Soviet Russia as a great Power, 
But the “comradeship** was too recent to justify 
adoption of such a step, and probably from the know- 
ledge, as Blackett quotes from the Franck Report, 
circulation of which was carefully suppressed by the 
U.S.A. Government that the Atom Bomb would be 
ineffective against Russia ajaid China, and would only 
have meant indiscriminate, and purposeless slaughter 
of men without forcing any definite issue. 

This gives the key to the intricate tangle of 
proposals and counter proposals, carried on during 
the past two years which has puzzled the world. The 
Baruch plan, submitted before the TT.N.O. debating 
body , called the Atomic Energy Commission, started 
with very pious motives, pleading for international 
control, and use of Atomic Energy for the benefit 
of mankind ; but to give effect to these ideas, they 
recommended inspection by an international agency 
of all Atomic Energy works in all countries includ- 
ing U.vS.A. This was objected to Russia, because 
this would have revealed her weaknesses and her 
elaborate preparations for Atomic Energy Work to 
the allies, while she had nothing to gain, as the 
knowledge of America's Atomic Energy Works was 
almost fully available. She put forward counter 
proposals in which she wanted use of Atomic Energy 
in any form for war purpose to be completely out- 
lawed, and destruction of all atomic weapons. In 
other words, she wanted the present menace to her 
arising from America's possession of stock piles of 
atomic weapons, to be completely removed for her 
own security, while the U.S.A. wanted for her own 
eventual security, all knowledge of what Russia is 
actually doing to develop atomic weapons. 

“In detail the Baruch plan failed becanse in its 
attempts to secure nearly complete security for America it 
was inevitably driven to propose a course of action which 
would have put the Soviet Union in a situation where she 
would have been subservient to a group of nations domi- 
nated by America. Since America would keep her Atomic 
Bombs till at late stage in the process of setting Jhe control 
in operation, the Soviet Union would have no firm guarantee 
when the stage was reached at which the Bomba should be 
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disposed of, some technical point would not be raised 
to justify retaining them. In the meantime she would 
have thrown her land and economy open to inspection and 
so inevitably to military espionage. 1 * 

It is therefore natural that the negotiations 
should come to a deadlock. But what next? 

That the U.S.A. is completely alert to danger, 
eventually arising from Russia's ability to manufac- 
ture atomic weapons in sufficient quantity is clear 
from the two reports ‘The Report by K. T. Compton, 
May 1947, which recommends training of the 
Americans to compulsory military service, and simul- 
taneous development of all arms of the war : — land 
army, navy, and air, — and intensification of research 
on defence. It admits practically that as long as 
Russia's air-defence is intact, not much can be ex- 
pected from the use of atomic weapons, particularly 
as Russia is in actual or potential occupation of West 
Europe, and use of atomic weapons over these cities 
would only wipe out friendly population, and rouse 
the bitterest feelings. The Finletter Report, pub- 
lished in January 1948, recommends intensive deve- 
lopment of the Air force as an arm of defence and 
offence." 

According to Blackett's analysis, the future is 
surcharged with the most dangerous possibilities : 

“Without the elimination of the atomic armament race 
by the International Organisation the two worlds which are 
shaping up now will not be merely two competing economic 
systems but two camps of enemies armed to the teeth and 
watching each other's preparations in hysterical anguish.’* 

How can wc avoid such a situation? Blackett 
clearly perceives that "the only possible way in which 
the American people can obtain complete safety from 
atomic bombs is by effective American control of all 
other nations" i.e. by having One Power World , 
instead of Wilkie's One World, as we put in 1945. 
Blackett perceives that One Power World, even if 
initiated by consent (this is extremely problematical) 
could only be maintained by force. 

It is more than that . It is certain that Soviet 
Russia and her satellites could not be brought under 
the One Power World scheme under American 
hegemony, except through a totally-waged war ! 
What does that mean? Use of nearly 20,000 Atom 
Bombs, use of countless aeroplanes and other 
weapons and slaughter of millions of belligerents, 
and larger number of nonbelligerents who want 
to live in peace, and destruction of most cities 
and monuments of civilisations which have taken 
several millenia to build up ! Even the most bellicose 
politicians are staggered by the thought ! Hence the 
prospects- of a third World War are much less for a 
fr*w years to come than is generally thought. 

Blackett advises that negotiations should be 
carried out in an atmosphere of reality in a bargain- 

2 


ing, give-and-take spirit. But would that advice be 
accepted by partisans of King Capital and King Com- 
munism, or would they rush into war like the sons 
of Emperor Aurangzeb who on the death of that 
emperor flew into each other's throat holding that 
"Two Faquirs can share a blankett, but two kings 
cannot share a kingdom!" A change of heart, and 
mutual toleration is needed if mankind is to escape 
the horrors of a third World-War ! 

There is a school of thought that researches on 
Atomic Energy should be altogether banned as they 
have led to deterioration of world peace. To them, 
Blackett says indignantly : 

“To conclude however that Mankind must bo prepared 
to forego the beneficial use of Atomic Power for fear of 
the destructive use of the Atomic Bombs is like coun- 
selling men never to fly because they may crash, never to 
swim because they may drown, never to light a fire lest to 
burn their house ; or perhaps more aptly to propose the 
abolition of medical inoculation lest bacteriological weapons 
are made on this line. This way lies the road to anxiety, 
neurosis and the madhouse.** 

Peace Time Uses of Atomic Energy 

Blackett devotes a chapter on peacetime uses of 
Atomic Energy. Pie says : 

"The Indian physicist Professor Saha 1 has shown 
that the very wide difference in the wealth per head 
of such an unindustrialized country as India or 
China to-day, or Western Europe in the Middle Ages, 
compared with a highly industrialized country such 
as the U.S.A. (a difference which Saha estimated as 
about twenty to one) is paralleled by nearly the same 
difference in total available supplies of energy, in- 
cluding human and animal power. He estimates that 
the energy per head available in India, from other 
than human labour, is about one-sixtieth of thal 
available in America. In India nearly 70 per cent of 
all energy is from human and animal exertion ; in 
America under 4 per cent. 

In Table I is given the relative total energy as 
measured in thermal units produced per head of the 
population for selected countries, together with the 
average wealth per head. 

We notice the striking fact that the energy consump- 
tion in 1935 in the U.S.A. was about six times that 
in the U.S.S.R. and some sixty times that in India. 
We see at once the close relationship between power 
output per head and standard of life. It is quite 
certain that any nation which intends to reach or 
surpass the present productivity of America — and 
what nation does not? — must base its plans on the 
provision of a power supply of at least the magnitude 
of that in America to-day. This implies, for instance, 
that the U.S.S.R. must increase her power supply by 

■ 1 Saha , Nature, 155 1 221, 1945, 
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six times over that of 1935, and that India must in- 
crease hers by some sixty times. For the world as a 
whole to reach the living standards of America 
requires again a six-fold increase of power supply. 

TABLE I 

Krai, income pkr head and totai, energy const; mption from 

COAI/, Olio WATER AND GAS, EXPRESSED AS PERCENTAGE 
OF THE FIGURES FOR THE U. S. A. 


- - * - - “ 


* — 

- ' 

Country 

Population 

millions 

Total energy 
per head 

Weath per 
head 

U. S. A 

137 

100 

100 

U. K. 

45 

73 

77 

U. S. S. R 

162 

18 

35 

China and India 

760 

2 ? 

11 

Total World 

2000 

16 

! 

25 


He says that for U.S.A., Britain, and a number 
of European countries, who have developed their 
energy resources to the maximum, development of 
atomic energy for peacetime purpose is not such a 
great necessity — in fact one concludes from Blackett’s 
remarks that the great stress for use of Atomic 
Energy iti these countries is more for bellicose pur- 
poses, than for extending the frontiers of science. 

Is there any protection against Atom Bombs ? 

Blackett says : The most instructive fact at 
Nagasaki was the survival, even when near ground 
zero, of the few hundred people. Few took protec- 
tion in tunnel shelters. Carefully built shelters 
though unoccupied stood up well in both cities, 
without questions the shelters can protect those who 
get to them against anything but a direct hit. Ade- 
quate warning will assure that a maximum would get 
to shelters. Analysis of the protection of the survi- 
vors within a few hundred feet of the ground zero, 
shows that the shielding is possible against-rays. 
Adequate shelters can be built which would reduce 
substantially the casualties from radiation. 

It appears that a few feet of concrete or some- 
what thickness of earth furnish sufficient protection 
to humans even those closed to the ground zero to 
prevent serious after effect from radiations. 

In connection with the possibility of ensuring a 
reasonable degree of protection to the individual life 
of a country the American War Department docu- 
ment already quoted 1 reads as follows : 

“That success in this respect is not hopeless may 
be indicated by the historical example of industry's 
ability to survive, demonstrated by German industry 


in World War II, which not only survived but in- 
creased its production up till 1944 ; and the Russian 
industrial effort, which survived the great German 
territorial advances which over-ran or destroyed 
industrial capacity representing equivalent results 
of an enormous amount of strategic bombing. Com- 
plete dispersion of our cities over 30,000 population 
which number some 200 and total fifty million inhabi- 
tants, appears beyond our capabilities— not because 
of the requirements of money or engineering effort, 
staggering as they are, but because of the political 
resistance of our people against being regimented up- 
rooted, and forcibly moved. 

A detailed discussion of the technical problems 
involved in a policy of dispersal and protection of 
industries has been given by Marshak, Teller and 
Klein. 2 Their conclusion is that it would be eco- 
nomically possible to 're-locate all urban dwelling, 
plants and non-inovcable equipment' in the United 
States in this fifteen years at a cost of about a quarter 
of the national income. It is quite clear that any 
such programme could not be carried out in the 
United States of America without revolutionary eco- 
nomic changes. Yet, leaving aside as quite impos- 
sible such a re-location of population and industry 
as is envisaged by authors quoted above, a not at 
all negligible degree of protection to essential instal- 
lations could clearly be attained by a more modest 
programme. Different countries would fare very 
differently. Those of large size, such as America and 
Russia, could much more easily achieve some degree 
of protection than small and congested countries 
like the United Kingdom, which can be considered 
as indefensible against an atomic bomb attack from 
bases in north Europe. Space is of the greatest value 
for two reasons. It gives the possibility of wide 
dispersal, and so makes targets difficult to find ; and 
it provides great depth of defence against the air- 
craft carrying the bombs. 

Timings 

Franck Report — June, 1945. 

Atom Bomb tried in New Mexico — July 16, 1945. 

Big 3-Conference at Potsdam— July 20, 1945. 

Ultimatum to Japan to surrender— July 26, 1945. 

Japan rejects— July 28, 1945. 

Bomb on Hiroshima — August 6, 1945. 

Bomb on Nagasaki — August 6, 1945. 

Russia declares war— August 8, 1945. 

A. H. Compton in Nature — November 11, 1945. 
Atlee-Truman-King declaration— November 15, 1945 
Lilienthal document — 

Baruch Plan — June 13, 1946. 

Soviet rejects plan and puts counter-plans— 

K. T. Compton Report— May 1947. 

Finletter Report— January 1948. 


1 B. A. S. t War Dept. 


* B. A. S ., Vol. 1, No. 9, p. 13, 1947. 
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NOBEL LAUREATE IN PHYSICS 


PROFESSOR P. M. S. BLACKETT, F.R.S., of 
the University of Manchester is the recipient of 
Nobel Prize in Physics, this year. He is one of the 
brilliant students of the late Lord Rutherford, who 
was Director of the Cavendish Laboratory, Cam- 
bridge, from 1919-38. 



In the early stages of his research career, Blackett 
devoted himself mainly to the perfection of Wilson 
cloud chamber for study of tracks of and /3-rays, 
etc. 

After the discovery of Cosmic rays by Hess and 
others, attention of many of the physicists was 
attracted to this fascinating subject. It was Skobelzyn 
who first observed with his Wilson chamber that 
tracks of Cosmic rays were of the same type as high 
speed /9-rays. As the Cosmic particles are coming 
from above and as the horizontal Wilson chambers 
have very little depth in the vertical direction the 
problem was to set up Wilson chamber in the vertical 
plane so that the effective length of tracks in the 
chamber would be sufficiently large for scrutiny. 
Blackett in England and C. D. Anderson in California 
took up this problem simultaneously. 

Anderson set up his chamber in the vertical 
plane vfithin a strong electro-magnet such that the 


magnet current, the expansion of the chamber, the 
illumination and the exposure etc., were all controlled 
automatically. He expanded his chamber at random 
and just before each expansion the magnet current 
was automatically switched on and it was cut off just 
after the expansion. With this arrangement Anderson 
obtained photographs of tracks of Cosmic particles. 
Efficiency in this method was unfortunately very low, 
in fact, he obtained one or two measurable tracks 
per hundred exposures. However, Anderson dis- 
covered in 1932, with this randomly operated chamber 
the positron, which is the positive counterpart of 
electron ; and a Nobel prize was awarded to him for 
this work in 1936. 

Blackett also set up his vertical chamber within 
a magnetic field at the same time and besides making 
the chamber operations perfectly automatic and 
machinised he ingeniously controlled the expansion 
of the chamber by the coincidence pulse from two 
Geiger- Muller counters — one placed above the Wilson 
chamber and the other just below it. With this 
counter controlled chamber Blackett obtained beauti- 
ful pictures of tracks due to Cosmic rays — the effi- 
ciency in this case being about 80 per cent. Some 
of the pictures obtained by him showed for the first 
time, Cosmic ray showers — large number of tracks 
originating from a common point or region in the 
metal parts of his apparatus above the chamber. It 
was shown afterwards that each of these showers con- 
tained a large number of positron tracks. In fact, 
the number of positrons and electrons in a shower 
is almost equal. Subsequently these showers were 
explained by the cascade theory developed indepen- 
dently by Carlson and Oppenheimer in U.S.A. and 
II ei tier and Bhabha in U. K. 

With his Wilson chamber Blackett made further 
investigations in Cosmic rays and determined their 
energy spectrum at sea level. Last year, he put for- 
ward an interesting theory which seeks to explain the 
origin of magnetism of the sun, stars, as well as of the 
earth. He was made a Fellow of the Royal Society of 
London in 1933 and was awarded the Royal medal 
in 1940 for distinguished work. Prior to his joining 
Manchester University as Lang worthy Professor of 
Physics in 1937 he was in Birbeck College, London, 
for some years. 

During the war, Professor Blackett was entrusted 
with the operational researches in England. He was 
a member of the Anderson Committee on Atomic 
Energy and a member of the Britain’s Committee on 
Scientific Man-Power. 

Blackett was invited to advise the Government 
of India on the organisation of science for defence 
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and spent a few months in India this year in devising 
plans. (See Science and Culture, September, 1948, 

p. 112). 

Blackett who is now 51 years of age, is the Chair- 


man of the Association of Scientific Workers in Eng- 
land and takes keen interest in the activities of the 
Association . 

P. C\ B. 


ON AN ECONOMICAL METHOD FOR THE PRODUCTION OF 

CINCHONA ALKALOIDS 

SUDHAMOY MUKHERJEK, 

BENGAL, IMMUNITY RESEARCH INSTITUTE, CALCUTTA 


K process at present in vogue for the manufac- 
ture of quinine is based on the extraction of 
cinchona bark by organic solvents, but the need of 
a more economical method has long been felt, parti- 
cularly for treating low grade barks. The search for 
a cheaper method was stimulated during the last wai 
when supplies of quinine from the normal sources 
were no longer available. In India, proposals have 
been made for the quick production of cinchona bark 
by adopting a process of cultivation akin to the 
“Russian method* * in which planting is done with 
close spacing and some of the plants are uprooted 
when 2, 3 or 4 years old. But this would yield 
cinchona material of low alkaloid content (not more 
than 2 or 3 per cent) and it would be too costly to 
extract this by the usual solvent process. The success 
of the whole scheme would depend upon the develop- 
ment of a more economical process of extraction. 

Another plan to supplement the present meagre 
output of quinine in this country would be by extract- 
ing the cinchona alkaloids contained in the waste 
fractions of the cinchona tree. At the time of har- 
vesting, only the bark is collected and the other parts 
are thrown away. The latter have been found to con- 
tain at least 50 per cent of the amount of alkaloids 
actually recovered from the bark. But isolation of 
the alkaloids from these waste materials presents a 
still greater difficulty on account of their very low 
alkaloid contents, which do not exceed 0 5 per cent.* 

The problem therefore resolves itself into finding 
a process or processes by which it would be possible 
to isolate on a commercial basis the total alkaloids 
from : 

(a) the low alkaloid materials available from 
young cinchona plants ; and 

(b) the waste fractions of cinchona tree which are 
still poorer in alkaloids. 

* These aspects have been discussed more fully in a 

previous article (see Science and Culture, March, 1948, 
pp. 372-374). 


If the process be found to be convenient and 
economical, it might ultimately replace the present 
system of manufacture altogether. 


The acid ProcksvS 

The acid extraction of cinchona bark has been 
frequently tried as an alternative method for the 
isolation of the alkaloids. Maraffion and co-workers 1 
stated that the total alkaloids can be successfully 
isolated from low grade cinchona bark by extraction 
with acid. It is however known that not more than 
50 per cent of the total alkaloids in cinchona bark 
can ordinarily be extracted by means of dilute 
mineral acids. For attaining a higher efficiency of 
extraction, the quantity of acid required would be 
inordinately large, and since a correspondingly high 
amount of alkali would be needed for alkalinisation 
and precipitation of the alkaloids, the cost would be- 
come prohibitive. 

The above difficulty can be obviated if the acid 
extract be treated with an adsorbent which would 
retain the alkaloids and regenerate the acid which 
can be used again. It should also be possible to re- 
cover the alkaloids from the adsorbent and restore its 
original activity. If this principle can be developed 
into a continuous and cyclic process, exhaustive ex- 
traction of bark can be effected with little consump- 
tion of acid and would result in high efficiency and 
low cost of extraction. This has recently been 
worked out in the U.S.A. under the auspices of the 
Engineer Board Research Group of the Army and 
described in a number of publications. 2, 4 . It 
appears from these that a “portable unit” has been 
designed for the extraction of cinchona bark at the 
site of the stands of cinchona trees, involving the use 
of a synthetic ion-exchange resin. But synthetic ion- 
exchange resins are not available in this country and 
a suitable adsorbent, easily available here would be 
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desirable. It is obvious therefore that a process will 
have to be developed by basic work as well as by 
pilot plant experiments which would be suited to om 
conditions and requirements. 

An investigation has been started in this labora- 
tory for developing an acid extraction cum adsorp- 
tion method for the isolation of cinchona alkaloids, 
planned on the following lines. 5 

(1) To choose a suitable adsorbent. This should 
be easily available in the country, should be able to 
adsorb alkaloids from acid solutions and should be 
capable of being eluted free of the alkaloid and re- 
stored to the original condition. 

(2) To choose a suitable solvent. This should 
be an efficient eluent and be capable of being re- 
covered easily after use. 

(3) To establish the working conditions, includ- 
ing output, efficiency, economy and quality of the 
production on a laboratory scale and then on pilot 
plant scale, for each of the different types of raw 
materials that might have to be employed, e.g., bark, 
young plant material or waste materials. 

(4) To make a design and layout for a large scale 
extraction plant embodying the results of the investi- 
gations. 

The work done so far has been concerned with 
the choice of an adsorbent. Studies are being made 
of the characteristics of various adsorbents in respect 
of the adsorption of quinine under various conditions. 
The materials being studied include activated char- 
coal (prepared in this laboratory 6 and also from the 
market), fuller’s earth, kaolin of Indian origin (both 
natural and activated 7 ) and bentonites (from Kashmir 
and Jodhpur). Materials of foreign origin, e.g., 
Canadian bentonite (Wyoming) and British kaolin 
(Cornish) have been studied for comparison. Several 
samples of synthetic cation-exchange resins have 
been secured from different firms in the U.S.A. and 
studies with these samples are also in progress. 

The results so far obtained indicate that activated 
charcoal possesses the maximum adsorbing power 
and the one ion-exchange resin which has been tested 
is much inferior in this respect under the conditions 
studied. The Canadian bentonite comes a close 
second followed by Kashmir bentonite. Indian 
kaolin is superior to British kaolin, and the adsorbing 
power is appreciably increased on activating the 
former. Attempts are being made to increase the 
adsorbing power of Kashmir and Jodhpur bentonites 
by similar activation. 

Ghosh and Khan* have recently studied the 
adsorption of quinine by several adsorbents, e.g., 
activated charcoal, fuller’s earth, kaolin and kieselguhr 
and concluded that charcoal would be the most suit- 
able for the isolation of the alkaloid. They have re- 


ported fairly high percentage recovery by elution of 
the adsorbent with a benzene and amyl alcohol 
mixture. It would be desirable to have information 
on the percentage recovery of the solvent and any 
loss in activity of the adsorbent after one cycle of 
operations is completed, in order to arrive at a con- 
clusion regarding the feasibility of the process. 


Details of Extraction with Ion-exciiange resin 

In the process as developed 2, 3 * 4 at the Rutgers 
University College of Pharmacy in the U.S.A. , the 
powdered cinchona bark (or strips of fresh and un- 
dried bark) in canvas bags is macerated in 0*1 N 
sulphuric acid in a tank and the acid extract is passed 
through a series of exchange columns packed with 
the resin. The alkaloids being retained in the 
columns, the regenerated acid is recirculated to the 
maceration tank, and the process runs in a cycle 
until the bark is exhausted. 

Caustic soda solution (0*5 N) is then passed 
through the columns to precipitate the alkaloidal 
bases and to remove part of the colouring matter 
retained by the columns. This is followed by 
washing the columns with a little water to remove 
excess alkali and rinsing the water out with a little 
alcohol. More alcohol is passed to dissolve out the 
alkaloid. Finally, the alcohol is rinsed out with 
water. The alcohol in the extract is recovered by 
distillation and the alkaloidal residue, which may 
contain anything between 40 and 80 per cent of 
alkaloid, is subjected to further purification. For 
this, the alkaloid is dissolved in 1 N hydrochloric 
acid and the pH adjusted to 6*5 when the impurities 
mostly separate out. These are removed by filtration 
and the pH of the solution again adjusted so that 
the alkaloids are precipitated. These are then filtered 
and dried. 

The over-all yield of the process is claimed to be 
about 90 per cent and the purity of the product such 
as to pass the tests of purity of the official totoquina, 
although the relative proportions of the different 
alkaloids would depend upon the original bark. 


Cost of Production 

Cost' of extraction from bark . — The estimate of 
the cost of extraction of bark by the acid process, 
given below, is calculated on a tentative basis, in the 
absence of precise data, and does not include depre- 
ciation on equipment. 

Supposing the plant unit can take a charge of 
500 lbs. of bark containing 5 per cent of total alka- 
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loids, the cost of materials, other than hark, would 
he, on the present day basis : 


Item 


Quantity | 

i 

Amount 

- 

- — 

-- 1 


— 

— 

Sulphuric Acid, C.P., sp. gr. 

1*84 

2-5 lbs. 

1 

i4 

0 

Hydrochloric Acid, C.P., sp, gr. 

M5 

20 lbs. 

13 

12 

0 

Caustic Soda, flaked 


10 lbs. , 

2 

1 

0 

Rectified spirit (duty free) 
(Assuming 10% loss) 


2 gallons | 

3 

8 

0 

Total 


i 

21 

3 

0 


If the efficiency of extraction be taken as 80 
per cent, the operation will yield 20 pounds of tota- 
quina. The cost of materials for the extraction of 
each pound of the totaquina would therefore be 
Re. 1-1-0. The cost of adsorbent would be negligibly 
small as it can be used over a sufficiently large 
number of operations. 

Taking the cost of labour and supervision as 
equal to the cost of materials, and general overhead 
charges as 25 per cent of the other costs, the total 
cost of production per pound would be : 

Cost of materials .. . ... . Re. I 1 0 

Labour and supervision charges 110 

Overhead charges ... 0 8 6 

Total ... Rs. 2 10 6 

This compares favourably with the cost of ex- 
traction of quinine sulphate from bark by the solvent 
process, which has been given by Wilson and 
Mirchandani 9 as Rs. 5-0-0 per pound including over- 
head charges. It should be remembered however that 
this estimate was based on pre-war rates and would 
be much higher if recalculated on the present day 
basis. 

If we take the cost of one pound of totaquina 
in the bark as Rs. 6-4-0 as has been done by Wilson 
and Mirchandani 9 for quinine sulphate in the bark, 
the total cost of one pound of totaquina amounts to 
Rs. 8-14-6. We might however regard Rs. 10-0-0 
per pound as a round and a more approximate figure, 
inclusive of the depreciation and certain other minor 
charges which have been left out of calculation. 

The above figure might stand comparison with 
the cost of totaquina, obtained by the acid cum ion- 
exchange process, as given by the American workers 3 
on actual production basis, namely $0*0038 per 10 
grains which comes to $2*66 (equivalent to about 
Rs. 8-12-0) per pound. In a private communication 
to the author Dr Applezweig revealed that “ $0*0038 
for 10 grains of totaquina represents the cost of 
labour, chemicals, equipment depreciation but does 
not include a value for the cinchona bark/' He 
further explained that “This cost was determined 


during the war for an army project which processed 
bark in jungle areas where there was no cost in- 
volved for the cinchona”. The cost of bark is how- 
ever an important item under normal plantation 
conditions, but the cost of transport of the plant and 
the increased labour and overhead charges inherent 
in a relatively small portable unit might be obviated 
bv adopting a static and large capacity plant. 

Cost of extraction from wood . —If, however, 
waste cinchona material, e.g., wood, containing about 
0*5 per cent of total alkaloids be taken in place of 
the bark, the cost of materials used for, extraction 
would be substantially lower, since the quantities 
required are mostly dependent upon the quantity of 
alkaloid adsorbed on the ion-exchange columns. The 
cost of extracting 500 pounds of wood may be cal- 
culated as follows : 


Item 


Quantity 


Amount 


Sulphuric Acid, C.P.,* sp. gr. 1 *84 . 2-5 lbs. 
Hydrochloric acid, C.l\, sp. gr. 1 Is ; 2*5 lbs 
Caustic Soda, flaked ... j 1-5 lbs. 

Rectified spirit (duty free) i 0*25 gallons 

(For an yield of 2 pounds loin- j 
quina (a), 80% efficiency) . ' 


1 14 0 

0 5 0 

1 11 6 
0 7 0 


Total 


4 5 6 


Since in actual practice, several such extraction 
units will have to be run simultaneously, in a battery, 
the labour and supervision costs would not be far 
beyond the estimate for bark, and may be taken as 
Rs. 2/ - per pound of totaquina. Taking the overhead 
charges, as before, as 25 per cent of the other costs, 
the cost of extraction of totaquina from wood, per 
pound would be : — 

Cost of materials ... ... Rs. 2 2 9 

Labour and supervision ... 2 0 0 

Overhead chaiges ... ... 10 9 

Total Rs. 5 3 6 

Cinchona wood at present has no value but some 
cost would be involved in transport and grinding. 
From the above calculations it may reasonably be 
expected that the production of cinchona alkaloids 
from cinchona wood might not be an unpractical pro- 
position. Actual working data would however be 
necessary to form a more reliable estimate of pro- 
duction costs. 

Prospects of the acid-extraction cum Ion- 
exchange Process 

The above data would indicate that the acid 
process of extraction combined with adsorption of 
the alkaloid is likely to provide a relatively econo- 
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mical method for the isolation of cinchona alkaloids. 
It has been claimed by the workers 3 in thc.U.S.A., 
who have developed a portable unit of extraction, 
that the method is quite feasible in large scale work 
and it has been estimated that 300 such plants would 
produce 51,600 pounds of totaquina per month, which 
is the requirement of Latin America. A firm in the 
U.S.A. is actually manufacturing equipments for the 
extraction and purification of cinchona alkaloids by 
the ion-exchange method, for which they have 
applied for a patent. A plant handling about 35,000 
pounds of fresh cinchona bark would cost in the 
neighbourhood of $100,000*00 including their services 
and profit. It is very likely that a plant working on 
similar lines, but adapted to Indian conditions, can 
be constructed here at a much lower capital cost. 

A pessimist’s view has however been recently ex- 
pressed by a British quinine authority. On a refer- 
ence being made by the Manufacturing Chemist, Mr. 
Bernard F. Howards 10 of Howards & Sons, Ltd. of 
London is said to have stated that he thought this 
newly developed process would be unlikely to help 
either the quinine analyst or the manufacturer in any 
modern factory and further that the product, des- 
cribed as totaquina, would also be unlikely to meet 
the U. S. or British pharmaeopoeial specifications and 
would only be a crude febrifuge. 

It is difficult to express a definite opinion in view 
of the above, but it may be stated that provided it 
is really found to be a cheaper method for the isola- 
tion of the total alkaloids and the latter are obtained 


in a fairly pure state, it would serve to provide a 
cheaper form of cinchona preparation for fighting 
malaria, and this in itself would be a great advantage 
for the poor and malaria stricken people of our 
country. Again, if the waste cinchona materials can 
be treated by this process to obtain even a “crude 
febrifuge”, it would go a great way in relieving the 
shortage of quinine. On the other hand if by farther 
research the process can be adapted for producing at 
a cheaper rate standardised preparatons of quinine 
and other alkaloids, it would revolutionise the 
present system of quinine extraction. What is needed 
is well-planned and systematic work in these direc- 
tions. 
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ENZYMIC ACTIVITY IN OPIUM MEASURED BY RESPIRATED 

CARBON DIOXIDE 

JITENDRANATH RAKSHIT, 

RESEARCH LABORATORY, CALCUTTA CHEMICAL CO. LTD., CALCUTTA 


/"'kPIUM, since its exudation from poppy capsules, 
^ changes in composition firstly due to chemical re- 
actions — (t) oxidation and (it) polymerisation, and 
secondly due to biochemical reactions — (t) bacterio- 
logical, (it) fungal, and (fit) enzymic. Existing 
methods for the estimation of any of the prominent 
active principles contained in this drug do not give 
as a rule results with sufficient degree of accuracy for 
observing velocity of change of one or more of its 
constituents during a reasonably long period. Conse- 
quently small progress of oxidaton or polymerisation 
cannot be measured to serve any useful purpose. It 
also contains acidity often more than pH Xf so bacterial 
gj^owth in such medium is difficult. While working 


in a pharmaceutical laboratory, opium is found to 
offer in various conditions favourable media for 
growth of many kinds of fungi. It is however not 
possible to measure all activities of such spores in the 
substance. 

Annett 1 isolated oxidising enzymes. Considering 
the view that all anzymes present in the drug are defi- 
nite organic compounds*, the problem of isolating 
each one of them or even more important ones in a 
state of purity or of increasing concentration for the 
purpose of studying individual effects on the natural 
product will be very difficult and elaborate. It was 
consequently thought that it will be useful to measure 
carbon dioxide respirated by enzymes present in or 
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outside the cells or spores, which occur in the drug. 
And eventually such measurement of rate of elimina- 
tion of carbon dioxide would most probably indicate 
total activities in opium which contribute partially or 
essentially to velocity of changes in constituents of 
opium. 

Natural drugs like opium have to be stored for 
future use. Hence it is necessary to know the pro- 
gress of change during storage, and to minimise such 
change if it tends to deteriorate the essential quality 
of the drug. The rate of respirated carbon dioxide is 
expected to furnish a sensitive method for watching 
the velocity of reactions. Measurements of respirated 
carbon dioxide in leaves, flowers, and fruits were 
done by various authors for various objects 3 , but the 
respirated carbon dioxide during storage of opium 
was not estimated before for the purpose of measuring 
the activity of enzymes either existing in cells or 
spofes, or existing out of them on account of lysis 
while still possessing activity. 

The mechanism of the formation of carbon di- 
oxide in opium is unknown. It may be formed at 
the expense of one or more of organic molecules 
present in the mass. It cannot be said definitely that 
the atmospheric oxygen takes no part in the pheno- 
menon. Although opium was found to be free from 
traces of inflammable gases like hydrogen or methane, 
yet it contains occluded oxygen and nitrogen together 
with carbon dioxide. 


Sample 


1. Standard opium, or Gov- 
ernment Excise opium, 1940 

2. Do. 1941 

3. Medical opium powder, 1941 


Carbon - 
dioxide 
% W/W 

! *9 

• 

! 

00350 

0*0268 

0*0368 

0*0290 

0 0368 

, 

0*0114 


Nitrogen 
% W/W 


00502 

00512 

0*0380 


The above sample of medical opium powder was 
heated to free it from lumps, when it was expected to 
loose most of its occluded gases, but most probably 
it absorbed gas again when it was cooled down. 
Therefore its proportion of occluded nitrogen and 
oxygen was closer to that of atmospheric air. Stan- 
dard Indian opium samples were natural products, 
which contained these two gases in altered ratio. 
Nitrogen was less in proportion probably due to its 
conversion in synthesis of nitrogenous compounds 
found in the drug. If any atmospheric oxygen was 
consumed in the formation of carbon dioxide, then 
how the activation of such gas molecule took place 
need theoretical explanation. 

Measurement of carbon dioxide was done by 
taking a sample of standard Indian opium (20 gins.) 
in a litte distilling flask. Current of air was passed 


by suction from filter pump at the rate of one bubble 
per second through a series of 4 gas bottles (300 ml. 
each) on the side of the entrance of air. The first 
gas wash bottle contained 50 per cent w/v caustic 
potash (100 ml.) solution, second and third ones con- 
tained each solution (100 ml.) of 5 gms. of pure crys- 
tals of pyrogallic acid in 50 per cent w/v caustic 
potash, and fourth one contained chemically pure 
sulphuric acid (100 ml.). Air thus freed from carbon 
dioxide and most part of oxygen, entered in the dis- 
tilling flask by means of glass tube, which entered 
through a bored rubber cork fixed to close the flask 
and to reach just above the surface of opium. 

Side tube of the distilling flask was connected in 
series with two more gas wash bottles-fifth and sixth 
— and then finally to a filter pump. Each of these 
fifth and sixth gas wash bottles contained 2 per cent 
Ba (OH) 2 . 8H s 6 w/v baryta water (100 mol). The 
sixth gas wash bottle was introduced to ascertain if 
any carbon dioxide had escaped absorption from the 
fifth one. During the experiment any carbon dioxide 
respirated from enzymes in the enclosed piece of 
sample was daily chased out by means of air freed 
(before entrance) from carbon dioxide and oxygen. 
The decrease in alkalinity of the baryta water using 
phcnolphthalein indicator against 01 N hydrochloric 
acid after passage of air current for the last 5 hours 
of 24 hours daily, and after removal of barium carbo- 
nate, gave the amount of carbon dioxide respirated 
by the active enzymes present in the sample. 

Blank experiments were done time to time with- 
out opium to show that absorption of carbon dioxide 
was complete in the above series. In each of these 
blank experiments, there was no sensible loss of 
alkalinity in barium hydrate solution. Results of one 
of the several samples examined are given below. 


Weight in gm. of carbon dioxide 
j Maximum room j respirated in 24 hours by 20 
Days j temperature, j gms. of opium with about i0% 

in 0°C. ' natural moisture after sun dry- 


t. 32 

2. 32 

3. 33 

4. 33 

5. 32 

6. 32 

7. : 32 


0*0001056 

0*0001056 

0*0001056 

0*0001058 

•0*0001008 

0*0001055 

0*0001056 


Dunnicliff and co-workers 4 dried at 50°C a few 
unusual samples of Indian opium and observed much 
loss of morphine strength during storage of 2 years. 
Based on the results obtained with these peculiar 
samples they declared a broad generalisation “opium 
dried at 60°C stored in contact with air suffers a rapid 
loss of morphine/ 1 Our results do not confirm them. 
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Excise opium or standard opium, medical opium 
cake, medical opium powder as sold by the factory 
at Ghazipur, all maintain reasonably uniform mor- 
phine strength 9’5 to 10'5 per cent in dry weather 
during one or two years after issue from the factory, 
when tested by B. P. 1932 method. These authors 
also oxidised morphine with potassium cupro-cyanide 
and isolated a product negligibly soluble in lime 
water, which they assumed to be pseudo-morphine. It 
is well known that pseudo-morphine is soluble in 
ammonia and caustic alkali. 5 The fact that the pro- 
duct was negligibly soluble in water naturally create* 
a doubt about absence of phenolic hydroxyl charac- 
teristic to morphine structure. It is hardly correct to 
call the product pseudo-morphine These authors also 
did not isolate from their samples of opium pseudo- 
morphine or anything, identical with their product of 
oxidation of morphine. Yet they concluded that the 
quantity of morphine, found short by them in the 
subsequent estimations by B.P. process, was converted 
into a product, by the action of oxidising enzymes 
naturally present in opium, which was the same as 
that of theirs. 

Loss of morphine strength in opium during 
storage is an important subject. And measurement 


of carbon dioxide seems to be useful in watching the 
phenomenon under different stages, from its exuda- 
tion out of poppy capsules till the drug is issued out 
of the factory or till it is consumed in other manu- 
facturing processes. At present the author have 
observed that average Indian opium alter in compo- 
sition very slowly after first few months of collection. 
Suggestion of sage 6 that ammonia content increases 
with age, need careful consideration in view of the 
fact that morphine or some such base had to be broken 
up to give out carbon dioxide and theory eliminating 
ammonia or simple amines. 

The author expresses thanks to Messrs. Calcutta 
Chemical Co., Ltd., for permission to publish this 
paper. 
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FISH REFRIGERATION 

J. R. BASU MALLIK, 

refrigeration and air-conditioning specialist, 

REFRIGERATORS (INDIA) LD. 


TNDIA is surrounded on three sides by the oceans. 

India’s coastal length is 3200 miles. The oceans 
surrounding India abound in fish. Fish may be re- 
garded as one of the many natural resources. But 
uptil now no serious attempt has been made to tap 
this source. U.S.A., Japan, Russia and other coun- 
tries are trying to develop the deep sea fishing in- 
dustry. The figures available for U.S.A. show that 
the amount of salt-water fish frozen in 1945 was esti- 
mated at 241,980.535 lbs. or 121000 tons nearly. 
Another equal amount of salt water fish was sold as 
fresh. Thus 240,000 tons of salt water fish was caught 
in 1945. This amount must have increased by this 
time. England has also realised the importance of 
fish industry and “a vast system of regional fish 
quick-freezing, cold storage, processing and packing 
centres located at regional ports all around the coast 
of Britain, is visualized by Mr J. J. Robertson, Under- 
secretary of State for Scotland and M.P.”. Mr 
f Robertson is in favour of nationalization of the 
- marketing end of fishing, leaving the catching end to 


the fishermen. The author is optimistic, of the 
possibility of developing fish industry in India. In 
the beginning we might not resort to fish freezing as 
this requires elaborate refrigerated transport facilities, 
refrigerated display cases for selling and refrigerators 
at consumers’ houses. In this article the author has 
shown how the industry can be developed in this 
country even without going for freezing for the 
present. The story of frozen fish would be taken 
up in a later article. 

Before mentioning the requirements for develop- 
ing this industry let us know about the criteria of 
quality of fish. The criteria are given in Table 1 : 

We all know that fish mixed with ice comes from 
Goalando and other East Bengal towns to Calcutta 
and is sold as fresh in Calcutta markets but very few 
of us know that fish if properly refrigerated can be 
preserved as fresh for several months. Fish can be 
preserved for 8 to 10 months when frozen. In this 
article the author would tell about short storage say 
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for 20 days. It is to be remembered that refrige- 
ration cannot make stale fish fresh but can 
keep fresh fish fresh for some time. Refrigeration 
retards the multiplication of bacteria responsible for 

TABLE I 


Strictly fresh fish. 


Stale fish. 


1. Odour of fish, fishy. 

2. Eyes bright, not wrinkled 
or sunken. 

3. Gills bright red, covered 
with clear slime ; odour 
under gill covers fresh 
fishy. 

4. Colours bright. 

5. Flesh firm ; in quite .fresh 
fish the body is stiff ; 
impressions made by 
fingers do not remain ; 
slime present and clear. 

6. Belly walls intact. 


7. Muscle tissue white. 


8. The vent is pink, not 
protruding. 


1. Odour stale, sour or 
putrid. 

2 Eye9 dull, wriukled or 
sunken. 

3. Gills dull brown or gray, 
slime cloudy, odour under 
gill covers sour and 
offensive. 

4. Colours faded 

5. Flesh soft and flabby, 
impressions made bv 
fingers remain. 


j 6. Belly walls often rup- 
tured, viscera protrud- 
* ing. 

7. Muscle tissue becomes 
pinkish, especially around 
backbone. 

8. The vent is brown pro- 
truding. 


decay. So refrigeration is required from the very 
moment the fish is caught till it is cooked. In order 
to develop the deep sea fishing we are to remember 
the following points: — 

I. Fish can be preserved from 5 to 20 days 
when stored at a temperature between 30°F 
and 40°F. 

II. Fish should be refrigerated on the boats as 
they are dumped from the net. 

III. Refrigerated transport facilities should be 
there to take the fish from the docks to the 
storage plant. 

IV. Facilities for storing the fish at the plant if 
there be any left over. 

I. The higher the temperature the lower the 
storage period. In order to preserve for the maximum 
number of days the fish should be refrigerated to the 
lowest temperature available as soon as they are 
caught. 

II. Then comes the problem of refrigerating the 
•cargo space of the boat. The most common method 
is to use ice. Recent advancement in refrigerating 
the cargo space is to use refrigeration machineries. 
But in our country we can use ice in the beginning as 
the use of refrigerating machineries demand more 
capital. Moreover, an ice plant is essential for the 
successful carrying and distribution of fish. When ice 
is used the general practice is that the boats leave the 


shore loaded with ice. Generally the boat leaves the 
shore with an amount of ice equal to the amount of 
fish that the boat can handle or in other words if a 
boat can carry one ton of fish it leaves the shore with 
one ton of ice. The ice is sufficient for a round trip 
in 3 days. If the number of days to make a round 
trip is more than 3 days then an amount of 400 lbs. 
of more ice is to be taken for each day in excess of 
3 days. The limitation to this method is that the 
boat must return in 3 days whether or not bringing 
in a real pay catch. 

The use of refrigeration machineries is costly but 
it has got several advantages over the use of ice 
method. The main points in favour of mechanical 
refrigeration are : 

1. The boats can remain on sea for any length 
of time. It is not necessary to return until 
a real pay catch is made. 

2. The ice is expensive compared to the running 
cost of a refrigeration machine. 

3. The handling of ice takes time and labour 
that can be saved altogether. 

4. The cost of carrying the icc is more than 
the cost of carrying the refrigeration equip- 
ment. 

The points in favour of ice system are : 

1. It is simple and straightforward. 

2. No specialised refrigeration mechanic is 
necessary for the service of the equipment. 

3. Ice plant is absolutely necessary for the dis- 
‘ tribution of fish so the ice plant can be run 

at a profit if ice is used for the cargo space. 

Methods to refrigerate the Fish in Boat : 

When ice is used alternate layers of fish and 
crushed ice are to be put in bins. The bins are 
placed in well insulated hold of the boat. The thick- 
ness of the insulation should be a minimum of 6* 
of cork or its equivalent. The ice should be crushed 
in such a way that the crushed ice is without sharp 
corners. Sharp corners might cause bruises and the 
fish would lose the so-called "sales-appeal” . 

When mechanical refrigeration is used the re- 
commended practice is to spray chilled brine over the 
fish contained in an insulated tank. The brine is 
being recirculated and cooled in another chamber with 
the help of a condensing unit driven by a diesel 
engine. 

III. A small fleet of refrigerated truck is abso- 
lutely necessary to .truck the fish from the dock to 
the storage plant which mav be situated some 20 to 
30 miles from the dock. The same trucks may be 
used to deliver ice from the storage plan to the cargo 
boats. The bodies of the truck are generally in- 
sulated with 4 n cork or its equivalent and carry 
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around a temperature of 40°F which is produced by 
* ‘Dole-plates 0 or * ‘Holdover plates”* These trucks 
might be provided with separate condensing units 
which are plugged to the electric main at night in 
the garage. The condensing unit brings down the 
temperature of the plates down to 25°-30°F and the 
plates hold enough refrigeration to maintain a tem- 
perature of 40°F inside the truck for 8 to 10 hours. 
Another method is to hook up the cooling plant of 
the storage room to, or to recirculate cold brine from 
the ice tank through, the “Dole-plates”. Fig. 1. 



lay-out or oole. Plate® mount* o on wall* 
ron a repriocratco trailer root 


Fio. 1. 

IV. When the fish is brought to the fish plant 
the fish is dumped through chutes into a tank con- 
taining refrigerated water. The fish is to be washed 
in water and the yvater should be changed quite often 
otherwise the fish is liable to be contaminated if dirty 
water is used. In practice the fish is to be washed 
in flowing clean water. The water temperature is 
to be maintained at 36°F. The fish after being washed 
is heaped on the sorting and weighing table. Here 
the fish is sorted^ weighed and kept in bins putting 
alternate layers of some fish and ice. The local mer- 
chants take away some of the bins and some are kept 
in the storage room to be picked up by merchants 
later on. The storage room should be large enough 
to hold a few days* catch. This would help in pre- 
serving successfully the surplus that cannot be con- 
sumed in local market. 

Requirements of a daily catch of 6-ton sea-fish with 
a 60-ton Storage Capacity : 

Assume the plant lias 2 docks handling 3 boats 
each. Each boat brings in one ton of fish making a 
total daily catch of 6 tons of fish. Allowing for ex- 
pansion of the business upto 9 tons daily i.e., 50% 
increase let # us consider the cost of a plant capable of 
handling 9 tons of fish daily* Because of simplicity 


let us use the ice method in refrigerating the fish in 
boat. 

In considering the icing of boats we would require 
9 tons of ice. In addition to this we would require 
another 9 tons of ice for the fish sold to the merchants. 
This gives a total of 18 tons of ice daily which means 
an ice plant of 18 to 20 tons capacity daily. 

The layout of a plant capable of handling 6 tons of 
fish daily is shown in Fig. 2. 



LAY-OUT OTA 20-7VN /CE PLANT AND A 60 TON 
nSH STORAGE NtTH ACCOMPANYING OFFiCE 
tUASHtNOie SOA77N6 AOOM 

FIC. 2. 

Number of boats required ... ... 6 

Number of refrigerated trucks re- 
quired, 5-tons ... ... ... 4 

Ice Plant ... ... ... 18 tons capacity 

daily. 

Refrigeration machineries for storage 

room and trucks. 

Suitable building. 

Cost of Ice Plant and Refrigeration Accessories. 

Ice Plant 18 tons daily capacity Rs. 1,96,000/- approx. 
Other Refrigeration Machineries 
and Accessories ... ... „ 1,00,000/- „ 


Conclusion . 

People of Bengal is hearing from a long time that 
Government of West Bengal intend to undertake sea 
fishing. Recently we heard about the fishing rights 
near the Andaman Islands to be acquired by West 
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Bengal Government. We hear of big talks but 
nothing has been done to remove the fish-famine. 

We understand that the Government of West 
Bengal purchased the Brooklyn Cold Storage and Ice 
Factory situated near Kidderpore from U.S. Army 
and uptil now no attempt has been made to utilize it 
efficiently. The ice manufactured there is sold at a 
nominal rate to an outsider and the entire set up is 


now a liability. If the machines are kept idle for 
some time more the machines would be all junk. If 
a little thought is given the ice factory and cold 
storage can be utilized for sea fishing. Hope the 
authorities would move a little and do something 
tangible to bring down the price of fish. A little 
thought, co-ordination and planning would save 
public money. 


INDIAN ASSOCIATION FOR THE CULTIVATION OF SCIENCE 


nPHE foundation stone of new laboratories of 

India's oldest and pioneer Scientific Association, 
to be situated at Jadavpur, 3 miles away from Calcutta, 
in ideal rural surroundings, was laid on Sunday, 
September 26 last. 

Laying the foundation of the new buildings 
Hon’ble Dr B. C. Roy, Premier, Government of 
West Bengal said that in 1876 Dr Mahendra Lai 
Sircar, one of the doyens of the medical profession 
founded it with the objective that there should be an 
institution for the instruction of the masses where 
lectures on scientific subjects would be systematically 
delivered and not only illustrative experiments per- 
formed by the lecturer but the audience should be 
invited and taught to perform these themselves. It 
was a strange coincidence that when Benjamin 
Thompson founded the Royal Institution of Great 
Britain in 1799, Dr Sircar was also actuated by almost 
identical idealism. Men like Davy, Faraday, and 
Tyndall worked in the Royal Institution in Great 
Britain and in this country they had men like Dr 
Mahendra Lai Sircar, Dr Sir J. C. Bose, Sir C. V. 
Raman, Dr Krishnan and others who had obtained 
international reputation in scientific teaching and re- 
search working in this institution. Professor Raman 
was one of the pioneers of research activities as far 
back as 1907. From time to time research had been 
carried on “Interference and diffraction of light, Bi- 
refringence due to Electric and Magnetic fields, 
Viscous Flow and Stress and on Magnetic suscepti- 
bilities of gases, liquids and solids.” Such research 
work led to what was now known as the wonderful 
discovery of “Raman Effect” in Physics. 

The Committee of Management of the Associa- 
tion realised the supreme need of reorganising the 
activities of the Association so that it might play an 
increasingly important part in the domain of funda- 
mental researches in molecular physics, a branch of 
science in which it had made a name and had a 
tradition to cherish. The Planning Committee re- 
cognised the new trends and tendencies of scientific 


research. The plan ultimately envisaged in 1947 the 
creation of an active Research School where the pro- 
blem of molecular structures would be investigated 
by the concerted team work of a band of physicists 
and chemists. 

“Our statesmen and scientists”, Dr Roy conti- 
nued, “have begun to realise that if India is to take 
her rightful place in the Assembly of Nations it is 
highly necessary for her to undertake an intensive 
programme of simultaneous and co-ordinated deve- 
lopment of both fundamental and applied research. 
It is now recognised that such researches alone can 
ensure the security of a country in war and its pro- 
sperity in peace. It is hoped that India will in- 
augurate a new era where fundamental and industrial 
researches will be harnessed for the service of her 
people.” 

“I am laying this foundation stone in the hope,’ 
Dr Roy concluded, “that we shall soon realise our 
dream, namely, integration of science and industry 
and placing science to the service of mankind and 
its welfare.” 

Dr M. N. Saha, President of the Association, 
while welcoming the guests, said that the two 
great wars appeared to have brought the reali- 
sation of the usefulness of science for human 
well-being to the people and statesmen of the world, 
and taking advantage of this feeling, the Council of 
the Association had worked out a new expanded 
programme for its activity. In this programme 
attempts had been made to retain the traditions of 
fundamental research in the Association, but a pro- 
gramme of activity had been added to it, namely, 
industrial research growing out of these fundamental 
researches. 

This scheme had been accepted by India Govern* 
ment who increased its grant from Rs. 20,000 to 
Rs. 2,66,700 and given the Association a capital grant 
of Rs. 4,32,000 for building purposes. Government 
of India had also given an interest-free loan of Rs. 5 



December, 1948 Indian association for the cultivation of science 


236 


lakhs with which the site at Jadavpur was acquired 
through the good offices of the provincial Govern- 
ment. With the increase in the cost of materials and 
labour the original estimates had jumped from 
Rs. 18,64,000 to nearly Rs. 33 lakhs and so far pro- 
mise of Rs. 9,32,000 had been obtained from Central 
Government of which Rs. 5 lakhs had already been 
paid. It was necessary to raise nearly Rs. 24 lakhs 


the scheme and a further substantial amount for labo- 
ratory equipments and fittings. 

Under the new scheme six departments are pro- 
posed to be opened by the Council of the Association 
namely: (1) X-rays and Magnetism, (2) Optics, 
(3) Theoretical Physics, (4) Physical Chemistry, 
(5) Organic Chemistry and (6) Inorganic Chemistry. 



Dr. Mahbndra Lai Sircar 


for the completion of the scheme. West Bengal 
Government had promised to bear one-fourth of the 
total cost and Professor Saha hoped that 7 to 8 lakhs 
of rupees could be raised from the sale of Bowbazar 
properties of the Association, in case the Council was 
forced to do so. In that case the Council would have 
to raise another nine lakhs of rupees to complete 


Each department will be under a professor or reader 
and to assist him there will be one research officer 
and one laboratory technician. Initially there will be 
one senior research scholar and two junior research 
scholars in each department, but the strength of 
scholars in each department might be increased in 
near future. 
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flotes anb IRewe 


OBITUARIES 

SARATLAL BISWAS ( 1 888-1948 ) 

It is with deep regret that we record the sad 
demise of Professor Sarat Lai Biswas, formerly 
Lecturer-in-charge of the Geology Department of the 
Calcutta University at the age of about 60 on the 
18th July last. Professor Biswas had retired in July 
1947 owing to continued ill health after serving the 
University for nearly 30 years. He was specially' 
interested in Crystallography, Mineralogy and Petro- 
logy in each of which subjects he made original con- 
tributions. His main contribution was to the contro- 
versial subject of the origin of the mica -bearing peg- 
matite rocks of Koderma in Bihar and Nellore in the 
Madras Presidency. Above all he will be remembered 
for his inspiring teaching, his recognition of talent, 
and his guidance of the research work of several 
students who have distinguished themselves in their 
special fields. Professor Biswas was an ideal teacher 
of n rare type having an abundance of human 
sympathy which earned the respect and admiration of 
all who came in contact with him. 

May his soul rest in peace ! 


RAMENDRANATH GHOSH (1906-1948) 

By the premature death of Dr R. N. Ghosh, who 
expired on November 2 last at the Prince of Wales 
Medical College Hospitals, after a brief illness, 
Calcutta has lost a young surgeon of great repute and 
who was held in high esteem as a scholarly teacher, 
clinician and lecturer. 

Born in 1906, Dr Ghosh was the third son of the 
late Rai Bahadur D. N. Ghosh, the first Indian Direc- 
tor of Statistics and Commercial Intelligence, Gov- 
ernment of India. Educated at the Scottish Church 
Collegiate School, Calcutta where he was a prizeman, 
he joined the Calcutta Medical College in 1923, of 
which he was a college scholar throughout his career 
and took his M.B, degree in 1929 with certificates of 
Honours in Pharmacology and Pathology. 

After serving as a Junior and Senior House Sur- 
geon of Medical College Hospitals for some years he 
proceeded abroad and was duly elected a Fellow of 
the Royal College of Surgeons, Edinburgh, in 1934. 
Thereafter he had his training in London at the Lock 
Medical and St. Paul’s Hospitals. After his return 


from U.K. he became a Junior Visiting Surgeon of 
the Calcutta Medical College and soon made* his mark 
and became the First Honorary Additional Surgeon 
and officiated for sometime as Professor of Clinical 
and Operative Surgery. He was also a Visiting 
Surgeon of the Calcutta Medical School and Associate 
Professor of Anatomy, National Medical College, 
Calcutta. He was offered other responsible posts but 
he was not spared from Calcutta, where his services 
on the higher posts were often in requisition. 

Dr Ghosh was an Ordinary Fellow and a member 
of the Faculty of Medicine of the Calcutta University. 
Amidst all these heavy responsibilities Dr Ghosh had 
keen instinct for research and published a number of 
important papers in various medical journals. 

He was snatched away in the very prime of life to 
the great loss of the student community, and the 
suffering public, and leaves behind besides his widow 
(third daughter of the Hon'ble Mr Justice C. C. 
Biswas of the Calcutta High Court), and a child, a 
host of friends and relations to mourn his premature 
death. We offer our sincerest condolences to the 
members of the bereaved family. 


PAUL L ANGEVIN -—JEAN PERRIN 

During the World War II, while the French 
were under German occupation, a number of scien- 
tists died under tragic circumstances. Dr Jean Perrin, 
famous for his classic experiments on Brownian move- 
ment, died as exile in the U.S.A. Prof. Langevin 
was in the Refugee Camp on account of his well- 
known social activities. He suffered personal bereave- 
ment in the murder of his son-in-law and though he 
survived the War, he died early afterwards. It is in 
the fitness of things that the French Government had 
decided to remove the mortal remains of two of their 
greatest scientists to the National Resting Place for 
the French Immortals, the Pantheon. In this con- 
nection they had arranged a number of debates and 
meetings in November last as given below : 

15th November. 

Morning: Large Molecules in Solution. Mr 
Faure-Fremiet in the chair. 

Evening : Solemn meeting in the Grand Amphi- 
theatre of the Sorbonne (47, rue des Ecoles). 
The Minister for Education in the Chair. 
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16th November. 

Morning : Cryo-Magnetic Phenomena. Mr. Aime 
Cotton in the chair. 

Evening : Vigil in the Palais de in Decouverte 
(Avenue F.D. Roosevelt). 

17th November. 

Morning : Removal of the mortal remains of 
P. Langcvin and J. Perrin from the Palais 
de la Decouverte to the Pantheon. 

Evening : The Organisation of Scientific Re- 
search. Mr J. D. Bernal in the chair. 

18th November. 

Morning : Atomic Rays and Structure. Mr 
Maurice de Broglie in the chair. 

Evening : The Organisation of Scientific Re- 
search. Mr F. Joliot-Curie in the chair. 

1 9th November. 

X-Rays and Atomic Structure. Mr Maurice de 
Broglie in the chair. 


A SOLAR FURNACE 

Thk temperatures involved in melting some of 
the metallic oxides range from 2000°C upwards, and 
it now appears that the production of such high tem- 
peratures presents a most promising field for the 
direct utilisation of solar energy. The average solar 
energy reaching ground level may be taken roughly 
as 0 08 watts per square centimetre. By means of 
parabolic mirrors this energy can be concentrated to 
about 50,000 times, giving some 4,000 watts per 
square centimetre. It can easily be shown that 
energy falling on a black body at this rate would raise 
its temperature to over 5,000°C. If this energy is 
being used to melt a substance or promote a chemical 
reaction, the efficiency will be about 70 per cent 
whereas in using heat energy to produce mechanical 
power, the ideal is about 35 per cent and the figure 
actually attained in solar steam engines is some 5 to 
10 per cent. 

In 1946, a solar furnace was set up at the Meudon 
Observatory near Paris, making use of mirrors of 2 
metres diameter and 85 centimetre focal length. With 
these mirrors temperatures of about 5,000°C should 
be obtainable. In a test, the sun*s rays were con- 
centrated on graphite, and a pyrometer recorded a 
temperature of over 3,500°C, but at that temperature 
the graphite was subliming. In other words the 


supply of energy was enough to provide a high tem- 
perature, but the sublimation kept it down to 3,500°C. 

Investigations have also been made on the possi- 
bilities of using the furnace for the synthesis of nitric 
oxide. The synthesis of nitric oxide is a first step 
towards producing nitrate fertilisers from the atmos- 
phere. If a mixture of nitrogen and oxygen is raised 
to a high temperature, some molecules of nitrogen 
and oxygen will always be combining to form nitric 
oxide, while some nitric oxide molecules will be 
breaking down again into oxygen and hydrogen. At 
each temperature an equilibrium is reached, such that 
a certain percentage of the mixture consists of nitric 
oxide. The higher the temperature, the more nitric 
oxide. Thus at 3,000°C, the mixture contains about 
95 per cent nitrogen and oxygen, and 5 per cent nitric 
oxide. In two commercial processes a mixture of 
oxygen and nitrogen (in fact, atmospheric air) is 
blown through an electric arc, which raises the tem- 
perature and produces a just proportion of nitric 
oxide. The gas mixture is then quickly cooled to 
prevent the nitric oxide from breaking up again (as 
it would with slow cooling). The experiment has 
been tried of substituting the solar furnace for the 
electric arc. The results obtained were not so good 
as for the arc processes, but it is hoped that the new' 
process might be economically more successful with 
an improved apparatus. ( Discovery , October, 1948). 

TURBINE DEVELOPMENTS IN RUSSIA 

In March, 1947, an All-Union Conference on 
Steam Turbine Technique was held at Leningrad. 
Reference was made to the 100,000 KW steam tur- 
bine running at 3,000 r.p.m. with initial steam con- 
ditions of 90 atmospheres at 480 deg. C. built by the 
Leningrad Works 1 ‘Stalin.” Future work includes 
the development of topping turbines for steam con- 
ditions of 175 atm. and 550-600 deg. C. The Econo- 
mizer Works are reported to be engaged on the design 
of high pressure turbines for centrifugal boiler feeders 
with initial steam conditions of 90 atm. at 480 deg. C. 
and a back pressure of l'2-2*5 atm. Turbine capa- 
city is 1,350 KW and its efficiency at the coupling 
is 70 per cent. 

The report also states that at the Central Boiler 
and Turbine Institute a new aerodynamic test plant 
equipped with optical instruments of the Toepler type 
was installed. A larger aero-dynamic wind tunnel plant 
is being erected at that institute which will include an 
air compressor capable of delivering 30,000 cu.m, of 
air per hour at 7 atm. pressure. Methods for the 
computation of turbine blade profiles are being deve- 
loped and investigations into erosion and corrosion in 
the last turbine stages are being made. 
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At the same institute important work on gas 
turbines is in progress and the characteristics of both 
open-cycle and closed-cycle types have been studied. 
A single stage axial compressor was installed in 1946 
and a first v series of tests was run. Experiments 
aiming at the development of a three stage axial com- 
pressor are under way and an experimental single 
stage gas turbine is being built. At the laboratory 
of the institute the fatigue strength and the creep pro- 
perties of turbine materials at 800 deg. C. are also 
being investigated. 

The preliminary layouts of two mercury-steam 
plants were completed in 1946. The first of these 
projects is a 4,000 KW mercury turbine to form part 
of a 10,000 KW mercurv-steam plant. This is to be 
installed at the Central Boiler and Turbine Institute. 
Mercury vapour will be generated at 10 atm. and 
515 deg. C., and the overall plant efficiency is esti- 
mated at 40 per cent. The second mercury-steam 
plant is intended for the driving of blast furnace 
blowers, and the exhaust mercury vapour is to be used 
for heating the blast. (K a tlo turbos l toenie, Russia, 
No. 3, 1947, pp. 28-29). 


THEORY OF ELASTO-V1SCOUS BODIES 

A theory governing the properties of elasto- 
vi scons materials, ranging from the hydrodynamics of 
viscous materials on one hand to the theory of elasti- 
city on the other has been developed in Russia and 
presented in an interesting paper by A. I. Gubanov 
Developed from Frenis el’s Kinetic theory of Fluids 
(Acad, of Sc., Pub. U.S.S.R., 1945, Chap. 4) 

corresponding equations are obtained by substituting 
for the shear modulus (in the elastic theory) an 
operator for the coefficient of viscosity and reaction 
of time. On this basis the cases of elastic shear, 
torsion and tension are generalized. It is shown that 
the typical elasto-viscous properties appear only in 
periodic or nonstationary ragimes, as under stationary 
conditions simple viscous behaviour is obtained. 

Detailed investigations are carried out for (a) 
shear in an infinite layer of finite thickness under 
imposed forces and displacements and tangential 
impact, ( b ) torsion of a cylindrical rod under im- 
posed displacements and forces and ( c ) uniform ten- 
sion. Complex as is the theory in its mathematical 
form its practical applications cover a very wide range 
of problems in pur§ and applied science. Thus it is 
applicable in soil mechanics to the theory of the be- 
haviour of a soil layer under shear, and to that of 
heated glass in various forming processes. It also 
finds use in the field of polymers, and plastics ; in 
geology , ’geophysics and astrophysics and in the in- 

4 


vestigation of motion in highly viscous media, (zh. 
tekh Fiz. Russia, 17, 475-490, 1947) 

MINIATURE NEUTRON GENERATOR 

A miniature neutron generator, which is safe and 
cheap enough for use in college laboratories has been 
developed in the United States. The dangers inherent 
in radioactivity research are virtually eliminated by 
using a speck of radium, less than 1/500 oz. In the 
University of Notre Dame, students have used a small 
amount of a mixture of the elements radium and beryl- 
lium and produced radioactive isotopes. It is re- 
ported that good results have been obtained in irra- 
diating normal iodine and bromine with neutrons from 
the generator. Three radioactive isotopes, iodine-128, 
brotnine-80, and bromine-82 are produced. (The 
Chemical Age, October 23, 1948). 


NEW RADIOISOTOPES AVAILABLE 

Two new radioisotopes, hydrogcn-3 and helium-3 
are available to scientists and research institutions in 
limited quantities from the U. S. Atomic Energy 
Commission. Hydrogen-3, also called tritium, is a 
radioactive gas with a half life of approximately 12 
years. Tritium, when combined with oxygen, can 
also be used as the valuable research tool known as 
heavy water. Tritium being the only radioisotope 
of hydrogen will be of special value as a tracer in 
medical, biological and chemical research. Helium-3 
a stable isotope, is only one millionth as abundant in 
nature as ordinary helium. Tritium is isolated after 
the bombardment of a lithium compound bv slow 
neutrons in a nuclear chain-reacting pile, and helium -3 
is obtained as the end product of the decay of the 
radioactive tritium. (The Chemical Age, October 16, 
1948). 

NEW URANIUM SOURCE IN U.S.A. 

A mineral has been found in the rock fissures of 
the katanga mines, in the Beleian Congo, which con- 
tains 60 per cent uranium, 15-20 per cent vanadium, 
and 10-15 per cent copper. It is described “as a 
hydrous copper-uranmm-vnnadium mineral**, similar 
to Carnotite — except that carnotite is a potassium not 
a copper uranium mineral. The discovery of the new 
mineral is considered to be of great strategic value. 


DUCTILE TITANIUM 

Ductile titanium has recently been developed 
on a pilot plant scale by the U. S. Bureau of Mines 
Formerly, it had been prod iced only on a laboratorj 
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scale by methods that were not suitable for large- 
scale commercial production. Titanium .sheet, rod, 
and wire products are now being fabricated by powder 
metallurgy methods. 

Titanium ranks ninth in abundance of all the 
elements in the earth’s crust. It has a specific gravity 
of 4*5 os compared to 7*86 for iron. Pure titanium 
can be processed to have properties comparable with 
medium strength steels. It has corrosion -resistant 
properties similar to those of 18-8 stainless steel. 
When heated, titanium reacts chemically with hydro- 
gen, oxygen, and nitrogen and becomes brittle. The 
brittle character of impure titanium does not permit 
shaping. To avoid the absorx>tion of gases titanium’ 
powder is pressed and then sintered in vacuum. By 
means of cold or hot working procedures with 
vacuum anneals at various stages of working, sintered 
titanium is successfully shaped into ductile sheet and 
wire. ( Journal of Chemical Education , September, 
1948). 


PENICILLIN’S ACTION 

Evidence that penicillin attacks germs in much 
the same way that soap attacks dirt has been reported 
to. the American Chemical Society. Recent research 
in the Massachusetts Institute of Technology, had 
shown that when a penicillin solution was added to 
a bacterial culture under the proper conditions the 
drug coated the individual bacterial cells. Soap re- 
moves dirt by coating each particle and floating it 
away. Ultramicroscopic investigations revealed that 
the penicillin solutions were not true solutions, such 
as ordinary salts yield, but colloidal solutions. From 
the study of their surface tension, it was proved that 
penicillin salts, when put into solution, form a colloi- 
dal solution which will wet a surface just as soaps do. 
The penicillin salts also carry an electrical charge, 
as soaps do, and therefore have the tendency to cling 
to surfaces with an opposite charge. Tt has been 
visually demonstrated by means of ultra-violet light 
microscopy that penicillin coats bacterial cells, just 
as soap coats oil droplets in an oil-in -water emulsion. 
(The Chemical Age, October 9, 1948). 


A DRUG FOR LEPROSY 

The British drug, Sulphetrone, (tetra-sodium 
4 :4 / l)is-y-phenylpropylamino)-diphenyl-sulphone-tt-y- 
a'-yLtctrasulphonate, is now being used increasingly 
in the fight* against leprosy. Sulphetrone has a 
high molecular weight 892*5, and is prepared in 
the form of a white amorphous power which 
is very soluble in cold water but insoluble in alcohol 
and other organic solvents. The stronger water- 


solutions (60 per cent) are stable when neutral or 
slightly alkaline and can be treated in an autoclave. 
Weaker solutions are not so stable and the drug is 
not at present issued in solution form. 

The estimation of the number of lepers in the 
world varies between two and five millions ; actual 
figure is very difficult to obtain for the disease occurs 
chiefly in countries where the collection of statistics 
of any sort is non-existent. Organised treatment of 
the disease of leprpsy is quite often left to be carried 
out by voluntary religious bodies, by whom the ques- 
tion of available funds has to be taken into account. 
Dosage of this drug also varies. Between two to four 
pounds a year has been found to be the average quan- 
tity needed for the treatment of a patient. The drug 
is already being exported to the sterling areas. (The 
Chemical Age, 59, 444, 1948). 

F-4110-A NEW ALUMINIUM ALLOY 

The aluminium department of the Federated 
Division of the American Smelting and Refining Co., 
New York recently developed a new economical die- 
casting alloy made of copper, silicon and aluminium 
which had overcome the problems of drilling, tapping 
and machine casting made from other alloys. The 
new alloy is known as F-4110, under a nomenclature 
of the Federated Metal Division. The name means 4 
per cent copper, 1 1 per cent silicon and no magnesium. 
The alloy has high tensile strength, yield strength, 
proportional limit and high hardness. ( The Chemical 
Age, 59, 356, 1948). 

ELECTRON LINEAR ACCELERATOR 

An electron linear accelerator capable of hurling 
particles with a billion electron volts of energy is 
under construction at Stanford University. It is ex- 
pected that this projected 160-foot accelerator will 
develop at least three times as much energy as the 
massive cyclotron at the University of California. By 
extending the length of the slender accelerator tube 
and by developing power sources 100 times as potent 
as those used in radar, it may be possible to bombard 
the heart of the atom with a stream of billion-volt 
electrons. It is also said that the accelerator may 
produce an artificial source of radiation comparable to 
Cosmic rays. ( Chemical & Engineering News, Sep- 
tember 13, 1948). 

WORLD CONSUMPTION OF JUTE 

This pamphlet is the second issue of the bulletin 
published in 1941 dealing with the trend of world 
consumption of jute between 1933-34-1944-45. It has 
been determined by the two usual methods of estitna- 
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tion. The village consumption of jute is estimated at 
6 lakhs of bales by random sampling method. 

The world position of jute under separate items 
such as world consumption, and exports of raw jute 
and jute goods, production of Indian jute mills, pur- 
chase of raw jute by Indian mills, mill stocks of raw 
jute and jute goods, supply and distribution of jute, 
etc. has been discussed. Special attention has been 
paid to some of the above items by the illustration of 
a few diagrams and a number of tables. There is an 
appendix of six tables showing in details the Indian 
exports of raw jute and jute goods to different parts 
of the world. 

The pamphlet reveals the following important 
point : (t) The average u or Id consumption of jute 
in the pre-war period was 110 lakhs of bales while in 
the war period it was reduced to 87 lakhs, (ii) The 
foreign consumption of raw jute and jute goods in 
the pre-war days was 84 per cent of the total while 
Indian consumption was only 16 per cent of the total, 
though India (united) produced 99 per cent of the 
world's jute. Foreign consumption during war 
declined by a third of its pre-war average, but Indian 
consumption rose by 50 per cent. (iii) The whole of 
Europe takes 77 per cent of India’s total exports of 
raw jute while the whole of America takes 44 
per cent of the total exports of jute goods, (iv) The 
largest consumers of raw jute arc the Indian jute 
mills the average annual consumption of which was 57 
per com of the total consumption in the pre-war period 
and 75 per cent in the war period. 

The production and consumption of jute sepa- 
rately for Indian Union and Pakistan in the parti- 
tioned India have not been shown here. (Economic 
Research Memoir , No. 1, Indian Central Jute Com- 
mittee, 1948). 


UNIVERSITIES COMMISSION 

Tiie Government of India has appointed a Com- 
mission for the purpose of enquiring into and re- 
porting on the condition and prospects of University 
education and of advanced research in India and of 
recommending a constructive policy in relation to the 
problems they present and to the needs of the country. 
The commission would recommend in what direction 
the existing* system of education .should be changed in 
order to meet the requirements of the new set-up of 
India after the attainment of independence. 

The personnel of the Commission will be as 
follows: Dr Sarvapalli Radhakrishnan (Chairman), 
Dr Tara Chand, Secretary of the Ministry of Educa- 
tion, Government of India, Dr J. E. Duff, Vice- 
Chancellot*, Durham University, Dr J. J. Tigert, 
formerly President, Florida University (U.S.A.), 


Dr Zakir Hussain, Jamia Milia, Delhi and Vice- 
chancellor, Aligarh University, Mr A. H. Morgan, 
First Chairman of the Tennesse Valley Authority, 
Dr Lakshmanaswamy Mudaliar, Vice-chancellor, 
Madras University, Prof. Meghnad Saha, President, 
Council of Post-graduate teaching in Science, Calcutta 
University, and Prof. K. N. Bahl, Professor of 
Zoology, Lucknow University. Prof. N. K. 
Siddhanta, Secretary, Inter-University Board, India, 
will act as Secretary. 

The members of the commission will meet at 
Delhi on December 6 and decide on their programme 
of work, and will meet in Calcutta on January 12, 1949. 
The report of the Commission is likely to be com- 
pleted by the end of April, 1949. 

It may be recalled that the system of University 
education in general now prevailing in India is 
governed by the Indian Universities Act, 1904. The 
act followed the recommendations of a Commission 
appointed by Lord Curzon’s Government, in 1902. 


INSTITUTE OF PALEOBOTANY 

Prof. B. Sahni has established an Institute of 
Paleobotany at Lucknow which he has endowed with 
all of his personal and real property. The institute 
is located on the University Road, Lucknow in a 
very line building given by the U. P. Government. 
The Government of India has undertaken to help 
the institute by grants for initial equipment and re- 
curring charges. 

The institute has as its aim the advancement of 
the science of Fossil Botany in the widest sense, both 
in its academic aspects and its application to problems 
of economic geology. The institute has at present 
under its auspices a scheme for the Measurement of 
Geological Time, sponsored by the Council of 
Scientific and Industrial Research of the Government 
of India. Besides devoting itself to original work the 
institute has planned to train students in methods of 
research. Provision has been made to award promising 
workers financial aid in the form of stipends, scholar- 
ships, travelling fellowships etc. The institute will 
have a wide international outlook and will strive to 
promote cultural contacts with other countries 
through an exchange of students and by inviting 
foreign scholars as visiting professors. The institute 
has also as its aim the publication of a Journal oj 
Paleobotany. 

Prof. Sahni, is the Founder Director of the 
Institute, and was deputed last year by the Govern- 
ment of India to make a tour of research laboratories 
in Europe and the U.S.A. wfith a view' to collect ideas 
about their working and establishments. He re- 
turned to India in September last. 
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NOBEL PRIZE IN CHEMISTRY AND PHYSIOLOGY 
AND MEDICINE 

The Nobel Prize in Chemistry for 1948 was 
awarded to Prof. Arne Tiselius of Uppsala University, 
Sweden, for 'the discovery of a method of measuring 
molecules in albumen*. , 

The Nobel Prize in Physiology and Medicine for 
1948 was awarded to Dr Paul Muller, the Swiss 
scientist for his discovery of DDT. 

ANNOUNCEMENTS 

Dr II. K. Achakya, Sir Taraknath Palit Foreign 
Scholar, Calcutta University, has returned after 
completing higher studies on electron optics and 
colloid chemistry in Canada, U.K., and U.S.A. 

Sri H. K. Chatter ji, Senior Research Chemist, 
Indian Central Jute Committee has been elected a 
Fellow of the Royal Institute of Chemistry of Great 
Britain and Ireland. 

Sri P. N. Nandi, Adair Dutt Research Scholar, 
Indian Science News Association, obtained the Ph.D. 
degree of the London University for his work on 
Microbiology. He worked at the Imperial College 
of Science and Technology, London and submitted 
a thesis oil “The influence of antibiotics ou micro- 
organisms in soil”. 

I)r B. Chatterjee has recently returned from 
Wisconsin, Missouri and Cornell in U.S.A. where he 
carried out physico-chemical studies with mineral 
membrane electrodes and specialised in modern tech- 
niques of soil chemistry, X-ray and electron diffrac- 
tion of clays and clay minerals. 

Dr Frans Verdoorn, Managing Editor, Chro- 
nica Botanica has been elected a Corresponding Mem- 
ber of the International Academy for the History of 
Science in Paris and Chairman of the newly established 
International Phytohistorical Committee of the Inter- 
national Union of Biological Sciences. The Com- 
mittee will have its headquarters at the Los Angeles 
State and County Arboretum, Arcadia, California. It 
will sponsor a census of current research in the 
history of the Pure and Applied Biological Sciences. 

Dr Verdoorn has accepted the Directorship of the 
new Los Angeles State and County Arboretum at 
Arcadia, California. 


A symposium on ‘The opportunities for chemi- 
cal and allied industries in West Bengal* with a view 
to explore the possibilities of the development of 
alkali industry, carbonization and gas industry, nitro- 
gen industry and pharmaceutical and fine chemical 
industry, will be held at the University College of 
Science, Calcutta on December 25, 1948 under the 
auspices of the ‘Applied Chemistry Students* Re- 
union*. Dr B. C. Gulia, Member, Damodar Valley 
Corporation will preside. 

Dr Jen Hsii, Assistant Professor of Botany, 
National Peking University, Peiping, China, is 
appointed Curator, Institute of Paleobotany, Lucknow. 
He obtained his doctorate from the Lucknow Univer- 
sity and worked under Prof. B. Sahni, F.R.S. Earlier 
he worked on plant anatomy iri* U.S.A. 

The Thirty-Sixth Sessions of the Indian Science 
Congress Association will meet at Allahabad from 
January 3 to January 8, 1949. The meeting will be 
held under the auspices of the Allahabad University 
under the presidentship of Dr Sir K. S. Krishnan, 
Director, National Physical Laboratory, Delhi. Her 
Excellency Sreejukta Sarojini Naidu, Governor of 
United Provinces will inaugurate the sessions. More 
than 1800 delegates are expected to attend this 
sessions from India, Burma, Ceylon and Afghanistan. 
Eminent scientists and delegates from Great Britain, 
France, U.S.A., Canada, Hungary and Russia will 
include among others Sir Robert Robinson, Sir Henry 
Tizzard, Prof. S. Chapman and Prof. K. Zeuner 
(U.K.) ; Prof. Madame Curic-Joliot (France) ; Prof. 
Hermann Merck and Dr George Strode (U.S.A.) ; 
Prof. C. H. Best (Canada) ; Prof. Szent-Gyorgyi 
(Hungary) ; and Prof. Kngelhardt (U.S.S.R.). 
After plenary sessions the Congress will divide 
into thirteen sections, each to be presided over 
by a distinguished Indian scientist (see Science and 
Culture, 13, February, 1948, p. 338). During tl 
Congress sessions more than twenty scientific societies 
in India will hold their annual general meeting, in- 
cluding the Silver Jubilee Meeting of the Indian 
Chemical Society. 

ERRATUM 

In November 1948 issue, p. 202, Column 1, line 15 
read ‘Soil* for ‘Sentence*. 
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BOOK REVIEWS 


Food Famine and Nutritional diseases in Travan- 
core (1943-44) Surveys -By K. G. Sivaswamy, 
K. K. Chandy and ten doctors. Pp. XII + 176 f 
36 + 42 — Servindia Kerala Relief Centre, Coimba- 
tore, 1945. Price Rs. 5/-. 

Food Control and Nutrition Surveys Malabar and 
South Kanara — By K. G. Sivaswamy and others 
published by Servindia Kerala Relief Centre, 
Madras, 1946. Price Rs. 4/-. 

Famine, Rationing and Food policy in Cochin — 

By K. G. Sivaswamy and Medical surveys by 
T. S. Shastry and J. A. Bhat. Published by Ser- 
vindia Kerala Relief Centre, Madras, 1946. 
Price Rs. 3/-. 

Inadequate Diets, deaths, diseases and a food plan 
for Madras— By K. G. Sivaswamy. Nutri- 
tional diseases by M. P. Chack. 

Food Hints — By S. Gurubatham. Published by 
Servants of India Society, Madras. Price Rs. 2/-/ 

This group of publications by social welfare 
workers of the Servants of India Society is a valuable 
contribution to the study of living conditions in the 
Kerala country in Madras Presidency. The authors 
carried out in a splendid series of team work, elaborate 
nutritional and disease surveys in Shcrtollay, North 
Parur and certain other areas in Travancore, as well 
as in several villages in the Cochin State and also in 
Malabar and South Kanara. Official records and semi- 
official registers were also carefully examined for price 
indexes, procurement figures, vital statistics and other 
data and the story told by these figures with regard to 
famine and malnutrition are set out in detail. 

The food policy followed, its failure, and official 
inadequacy in the face of terrible human suffering are 
depicted vividly and with accuracy. As the team of 
surveyors included a large number of qualified medi- 
cal men, the data collected regarding diseases of mal- 
nutrition, and the suggestions regarding possible ways 
of improving the diet are specially valuable. 

K. P. C. 

Field Songs of Chhatisgarh — By S. C. Dube. 
Pp. XVIII + 95. Edited by D. N. Majumdar. 
The Universal Publishers Ltd., Lucknow, 1947. 
Price Rs. 3/12/-. 

This extremely well got up publication is the 
second book of the Folk' Culture Series brought out 
by Dr ^Majumdar. There is a paper of moderate 
length describing the cultural pattern of the United 


Provinces from the pen of the editor. Then follows 
the main piece, which furnishes the title to the book. 
The songs are valuable aids to the study of psychology 
and social custom of the tribes concerned. At the end 
come seven short folk tales of Kolhan collected by 
Dr Majumdar. 

The Editor is rendering useful service to folklore 
by his publication. 

K. P. C. 

0 

Photoelasticity Vol. II — Max M. Frocht. John 

Wiley & Sons Inc., New York, 1948, Cloth, 

6"x9#", Pp. 505, 438 figs. Price $10.00. 

To the many advances that have been made in 
the field of applied science the growth and develop- 
ment of photoelasticity marks a new chapter in 
engineering and heralds a new era in the domain of 
stress analysis. Among the pioneers of this science, 
Dr Frocht occupies a very prominent place and this 
second volume maintains the same high standard as 
Vol. I, which was published in 1941. The present 
volume forms a continuation of the discussion of the 
subject into its more advanced aspects and will prove 
of great use to the research worker. 

The book consists of fourteen chapters (together 
with an appendix), containing three main topics of 
discussion. The first part is a detailed introduction to 
the 2-dimensional theory of elasticity. Results of 
optical and elastic theory are given to show r their close 
collaboration, and the two methods of analysis, pre- 
sented in the form of comparative stress patterns. The 
question of the influence of the material on the stress 
distribution of multiply -connected bodies, omitted in 
the first volume receives adequate importance. The 
determination of the sums of principal stresses at 
isolated points forms the second part. This leads to 
a detailed survey of the various methods of solving 
Laplace’s equation including the “linear rosette” 
method developed by the author himself. These solu- 
tions have also important applications in heat transfer, 
electricity and hydrodynamics. The third part dealing 
with 3 dimensional photoelasticity is undoubtedly the 
most important in the volume and covers practically 
all untrodden ground. In this section are included 
among others, a new demonstration of the general 
stress optic law in three dimensions, theory and applb 
tions of oblique incidence, and stress concentration 
studies in relation to fatigue tests. In the appendix 
a description is given of ‘Fosterite* a new material for 
3 dimensional photoelasticity which is especially useful 
for frozen stress patterns. It is named aftef its 
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inventor N. C. Foster, Research Chemical Engineer, 
Westinghouse Research Laboratories, L.S.A. 

Since the opening of the photoelastic laboratory 
at the Carnegie Institute of Technology in the spring 
of 1932 the author as Assoc, Prof, of Mechanics lias 
worked relentlessly to develop the technique of this 
science, which is best exemplified in the beautiful and 
clear “fringe" photographs which form the major 
bulk of illustrations of this as well as the previous 
volume. As a minor criticism, it may be pointed out 
that the limitations of 3 dimensional photoelasticity 
and problems on stress concentration are not fully dis- 
cussed, whereas the applications in structural 
engineering are completely omitted. The symbols 
♦used in the application of oblique incidence to plane 
stress are rather confusing. These few points however 
do not in any way reduce the worth of the book. In 
fact .since the publication of that classic work, “Trea- 
tise on Photoelasticity" by Coker & Filon (Cam- 
bridge) in 1930, this volume along with the first one 
constitutes the most advanced and up-to-date publica- 
tion of its kind in the English language and enhances 
in a very high degree the reputation of the author who 
is now Research Professor of Mechanics and Director 
of Experimental Stress Analysis at the Illinois Insti- 
tute of Technology, U.S.A. Both in conception and 
in production this is an outstanding work by a recog- 
nised authority and deserves to be read by all 
interested in experimental stress analysis. 

' S. K. G. 

The Damodar Valley Project — By S. C. Bose. 
Published in September, 1948 by the Phoenix 
Press Limited, Calcutta. Pp. 139 ; with 41 illus- 
trations and 2 tables. Price Rs. 4/-, 

This book is a remarkable factual study of the 
Damodar Valley from the pen of a geographer who 
has done extensive field work in the area, and has col- 
lected valuable new data, which he has presented in a 
simple non-technical manner. 

The book starts with a comprehensive account of 
the topography of the valley, and specially deals with 
the hydrology of the Damodar Delta. It has laid bare 
the sorry record of man's interference in its natural 
development and the disastrous consequences of it. 
Here it gives in three chapters the creation of the 
"Kana" or blind rivers, the beheading of previous dis- 
tributaries, and consequent desiccation and the deve- 
lopment of destructive "Hanas" or spill channels in 
the restricted delta inside the elbow of the river. 

The book then proceeds to describe the climate, 
natural vegetation and mineral wealth of the valley. 
It gives in full detail the menace of soil erosion, des- 
cribing various types of erosive forms, their extent 
and the degree of destruction caused by them. Various 
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causes which have lead to this unhappy state of affairs 
and the remedies are then discussed. A chaj>ter is 
devoted to a study of the population problems of the 
valley. Rural and urban patterns of population, and 
the development of towns and their future as 
influenced by the project is then discussed. 

The flood problem of the river is exhaustively 
dealt with in the next chapter. Various causes which 
have lead to the chronic flooding of the lower valley 
are given here, and methods of flood control, their 
advantages and disadvantages are discussed fully. 

In the end the book gives a critical study of the 
project dealing with the building of embankments and 
reservoirs, hydro-electric power development and 
irrigation. 

The book is profusely illustrated with maps, 
sketches and photographs drawn and taken by the 
author. Two tables are provided giving the latest 
available details of the project. 

In short the book is an exposition in detail of the 
project and its background. Besides satisfying the 
needs of persons in this country and abroad, who 
have an inquisitive mind and want to know facts about 
the project and the valley where it will come into 
being, the book is an intensive geographical study of 
the basin, and will prove very useful for teachers and 
students of higher geography. It may be strongly 
recommended to those who wish to have a better 
understanding of the area and the reasons underlying 
the formulation of the project. 

K. B. 

Electron and Nuclear Counters (theory and use) — 

By S. A. Korff, M.A., Ph.D., Published in 

February, 1948, by D. Van Nostrand Co. Inc., 

New York, Macmillan & Co. Ltd., London. 

Pp. xi 1-212. Price $3.25. 

This book contains an up-to-date account of the 
mechanism of counter action. The first chapter deals 
with the description of the discharge phenomena as a 
function of voltage, i.e., in the low voltage region, 
proportional region, Geiger region, etc. Important 
terms and symbols are explained at the end of this 
chapter. The second, third and fourth chapters deal 
with ionisation chambers, proportional counters. 
Neutron counters and Geiger counters of various 
types. Various constructional details of counters are 
discussed in chapter five and reliable methods for pre- 
paration of counters are recommended here. The errors 
and corrections encountered in actual experiments are 
incorporated in chapter six. The last chapter gives a 
discussion on the various electronic circuits that are in 
use in the operation of counters. There is also a col- 
lection of useful references at the end. 

At the present time, counters are extensively 
used in various branches of research and industry. 
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But the problem of making good counters is by no 
means an easy job. A great deal of work by a large 
number of investigators has already been done on 
this subject. Professor Korff is the leading experi- 
mental investigator in the field of neutron in cosmic 
rays and has considerable experience in making coun- 
ters of various types. All his experiences and also 
those of other investigators in this field are excellently 
incorporated in this book. 

Beginners in this field would have been more 


benefited if the author would have given the various 
circuit constants in all the circuit diagrams and 
recommended easy methods for “refilling 0 old 
counters that are found to change their characteristics 
after long use. 

However, the book will be very useful to all 
workers in Nuclear Physics and Cosmic rays and to 
those workers in Medicine, Geo-Physics and Industry 
who use counters as a tool for their investigations. 

P. C. B. 


LETTERS TO THE EDITOR 

[The Editor > are not responsible foi the vin*s expressed in the letters.] 


ON THE NUTRITION OF THE YOUNG STAGE OF 
FRESHWATER FISHES OF MADRAS • 


associates 4 ” 11 , Bhattacliarya 2 and Alikunlii 1 are of 
special interest. 


Rearing of fishes in ponds and other inland 
waters to meet the public demand for increased fish- 
production cannot be successfully accomplished with- 
out a knowledge of the food and feeding habits of the 
fish under culture. But the role played by any species 
of fish in the economy of aquatic life varies with its 
age. Little is known about the nutrition of the young 
stage of freshwater fishes of India. Of the work so 
far done the investigations of Mookerjee and his 

* Communicated with the kind permission of the Direc- 
tor of Industries and Commerce, Madras. 
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The food composition, in percentage of volume, 
of the fingerlings (below 3 inches) of the following 14 
species of freshwater fishes of Madras is tabluated 
below: (1) Barbus tor (Ham.), (2) B. carnations, 

Jcrdon, (3) B. hexagonolepis, McClell., (4) Cirrhina 
reba (Ham.), (5) C. cirrhosa (Bl.), (6) C. fulungee 
(Sykes), (7) Labco fimbriatus (Bloch), (8) L. calbasu 
(Ham.), (9) Silundia sykesii (Day), (10) Callichrous 
bimaculatus (Bloch), (11) Macroncs cavasius (Ham.), 
(12) M. seenghala (Byks), (13) Bagarius bagarius 
(Ham.), and (14) Wallagonia attu (Bl.). 
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X 
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i 
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2% 
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2% 

2% 
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(Note : x indicates presence of the organism in the gut) 



December, 1946 


LETTERS TO THE EDITOR 


247 


The food of the young stages of the majority of 
the species consists of diatoms and crustaceans. The 
production of these organisms involves only the simple 
technique of adding fertilisers to the fish ponds. Pis- 
civorous tendency is noted in the siluroids ; they there- 
fore should be segregated from the farms. Eight 
species include insect life in their diet in their early 
stages; and may therefore prove useful in the reduc- 
tion of mosquito larvae as suggested by Chatterji'* 
and Roy 12 . 


P. L Chacko 
vS. V. Jon 


Government Fisheries, Kilpauk, 

Madras, 12-3-48. 

1 Alikunhi, K. K.. Pror. 35 hid. Sci. Con. Abst 16, 1948. 

* Bhattacharva, R., Proc., 33 hid. Sci. Cong. Abst., 130-131, 

1946. 

* Chatterji, G. C., Cent Co-op. Anti-Mai. Soc., Calcutta, 

1-28, 1934. 

4 Mookerjee, H. K., SCI. & Cur,., !0, 400-402, 1945. 
Mookcrjee, II. K. and Baku, S. J\, Sci. & Cue, 12, 54-56, 
1946. 

6 Mookerjee, H. K., et al, Proc. 33 Ind. Sci. Cong., Abst , 

131-132, 1946. 

7 Mookerjee, H. K., et al, Sci. & Cm.., 13, 162-163, 1947. 
"Mookerjee, II K., et al, Proc. 33 lnd. Sci. Cong., Abst.. 

132 1946. 

* Mookerjee,' H. K. and Gliosli, S. N., Proc. 32 Ind. Sci. 

Cong. Abst., 110, 1946. 

10 Mookerjee, II. K. and Ghosh, S. N., Proc. 32 Ind. Sci. 
Cong., Abst., 110-111, 1945. 

u Mookerjee, H. K. and Sen Gupta, S. N., Proc. 33 Ind. Sci. 
Cong., Abst.. 131-132, 1946. 

151 Roy, I). N., Jour. Mai. Inst, hid., I, 405-416, 1938. 


VARIATION OF GEOSTROPHIC WINDS AT 
UPPER LEVELS 


Assuming the truth of the statical equation, 


dp _ 
dz 


= ~UP . 


Brunt 1 gives the following quations 

7 - 3T 

T 


u _ Uo U f 7 1 dT 

T To 2 M , sin^J T* • dy ■ az - 


( 1 ) 


( 2 ) 


v 

T~ 


:£L.+ » 

To 


2 w sin^ 


in 4>( T** 

%0 


0T 

dx 


. dz. 


where w 0 , v 0 are the components of geostropliic wind 
at height a,, the absolute temperature is T„ and the 
ether symbols having the usual meanings. 

Thuit the geostrophic wind is regarded as made 
up of two components : (a) a component equal to the 

5 


geostrophic wind at level z 0 reduced in the ratio 
T/T o and ( b ) a thermal wind whose components are 


-gT r j_ 

2 w sin4 J T*’ 

&0 


dz and 
dy 


+<jt r 

sin ff* J 


Zo 


1_ 

T 8 ’ 



showing that the thermal wind blows around low 
temperatures in the same sense that the geostrophic 
wind blows around low pressures and that it keeps 
low temperatures to its left. Utilising the above 
equations, both Brunt and Normand 2 have shown 
that a wind veering with height brings warmer air 
while one backing with height brings colder air. 

In discussing the problem of forecasting upper 
winds in the atmosphere, Petterssen 2 has deduced 
three different expressions for the variation in the 
geostrophic wind through a layer of air. They are 


Tf IT Po . „ -Sx-So ^Prn . XT XT Pa 

» 

£+„.*' -i. T„» / (i-) i V,=V„.I>-9. 

e(£) < 4 > 

and 

*'<1)1-' < 5 > 


where U and V are the components of geostrophic 
wind and * = 2w sin <j>, the suffixes 1 and o refer to 
higher and lower levels, p is pressure, g acceleration 
of gravity, p density, p m s is horizontal mean density, 
i.c. f the mean density within the horizontal layer, 
and z height, T h harmonic mean temperature of the 
horizontal layer, T*/ the mean temperature of the 
isobaric layer. 

Now there is yet another alternate way of express- 
ing the variation in the geostrophic wind through 
a layer of air. From the hydrostatic equation 


(//>= — J7P dz 


we have p t — p 0 ~ — qfpdz (6) 

*0 

where the integration is from level z 0 to z lt 
If p is the mean density of the layer, then 

IH-Po = —fl Ui~*o )P 


•(7) 
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Consider a layer of air bounded by the two 
pressure surfaces and p Q . Then only z x and z 0 vary 
with x and y and from equation (7) we get 


(dzx 3 zA , v 3 Pm \ 

PM!) [fa~dx) =z ~ !,{zi ~ 1So) 


(dzi dz„\ / \fy\i 


dx 

dpi 


( 8 ) 


Here p nl denotes the mean density within the 
isobar ic sheet. 

This is called as “Isobaric Mean Density/ * 
Using geostrophic wind relations, we have 


± ^ =» V, ; ' - -XU, 

Px dx p% 01 / 

iip-kV.; - 8 |2 = -XUo 

Po fa 9 0 oy 


(9) 


Eliminate p, using equation (5) 

\Vt- 


Theu, AVi-f/ ; 


AV„=!7 


dz Q 

dx 


\ 

g W\ 

MT 3 «0 

AU ( ,= g^ 


(10) 


Substitute from equations (10) into equation (8). 

1 ?>Pm 


Then, U l -U,.+ J(*»-*o). pw dy 

\7 \7 V i \ 1 PM 

V,_Vo ~X Ul Zo) - p M dx 


(ID 


Thus, a new expression, involving the “Isobaric 
Mean Density* * is derived for the variation in the 
geostrophic wind, through a layer of air. 

The wind difference (Uj-Uo ; V,-V 0 ) is propor- 
tional to the gradient of the logarithm of Isobaric 
Mean Density and to the variable ( 2 , — z 0 ) and that 
the geostrophic wind blows along isobaric mean den- 
sity lines with higher density to the left of the wind. 

It is interesting to note that whereas the geostro- 
phic wind has to be multiplied by the density ratio 
Po/Pt when horizontal mean density is considered, 
there is no multiplying factor involved when isobaric 
mean density is used. Further, if the first terms on 
the right hand side of equations (3), (4), (5) and (11) 
are used, as first approximations, it is found that both 
(5) and (11) give identical results. The approxima- 
tions arise only if infinitesimal or very close layers 
are considered. In such a case, the results from all 
the equations will be nearly the same. 

It can also be seen that equations (5) and (11) 
are identical and are simple transformations of one 
from the other. 

This supports the view that when we are making 
deductions of the distribution of temperature, we are 
making rough deductions about the distribution of 
density also. 


The Isobaric Mean Density can be worked out 
if Pi, Po and distribution of T are known from the 
equations 

dlogjjr R , Pi dTjt 

fa q(zi~z<>) 00 po Ste . 

d lot) pm _ JR , pi 0Tjf 

dy g \z x - z 0 ) Po 
Further work is in progress. 


R. V. Badami 


Jodhpur, 

25-3-48 

1 Brunt, Physical and Dynamical Meteorology. 

* Pihals in daily forecasting, T. Met. D. Technical Note 

No. 4. 

* S. D. T. M. No. 77. Met. Office, Air Ministry. 


INVESTIGATION ON SOYABEAN-MILK POWDER 
* 

As a result of extensive studies on the food value 
of soyabean by different workers in India under 
Soyabean Sub-committee of the Nutrition Advisory 
Committee of the Indian Research Fund Association 1 , 
it has been reported that soyabean is not superior 
to other Indian pulses as a supplement to typical 
Indian diets based on cereals. As the percentage 
of crude protein of soyabean is higher than those of 
other pulses, attention was, therefore, directed to- 
wards the application of this seed as milk in the feed- 
ing of infants and young children. It has been re- 
ported previously from this laboratory 2 that soyabean 
milk is inferior to cow milk when used as supplement 
to rice diet. Besides this, the soyabean milk presents 
some unpleasant odour and taste for which the prac- 
tical application as milk in India seems to be diffi- 
cult. It was, therefore, thought necessary to see 
whether this soyabean milk can be made in the form 
of powder avoiding the undesirable residue respon- 
sible for bad odour. The soyabean milk powder was 
prepared in this laboratory in the following way. 

Soyabean previously .soaked in water for 24 hours 
was heated with water after addition of a few c.cs 
of glycerin for about one hour. It was then thorough- 
ly washed to get rid of the seed coat and ground into 
a fine paste in a stone mortar with minimum amount 
of water. This was mixed thoroughly with four 
times its volume of water boiled and filtered through 
a muslin. The filtrate was then evaporated to dry- 
ness under reduced pressure. The fine powder 
obtained from the evaporated residue. possessed plea- 
sant odour and taste. The average composition of the 
soyabean milk powder thus obtained was as follows : 

Protein ... ... ... 41-70 p.c„ 

Fat ... ... * ... 33-45 px. 

Carbohydrate ... ... 18-42 p.c. 

Arib ... ... 4-37 p.c. 
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The biological value and the digestibility of the 
soyabean milk powder protein as deduced by the 
balance sheet method on rats were found to be 697 
and 89*2 respectively. 

Previous investigation from this laboratory 1 on 
the biological value of protein of the whole soyabean 
has shown its value in the region of 45 to 50. The 
high value obtained in the present investigation sug- 
gests that soaking for 24 hours which effects partial 
germination in the seed brings about some changes 
in the amino acid make-up of the protein moiety of 
Lathyrus saliva after provoking some photochemical 
reactions. Investigation on the amino acid composi- 
tion of the protein of soyabean before and after germi- 
nation will throw new light in the subject. 

H. N. De 
P. K. Dutta 

Nutrition Research Unit, 

Biochemical Laboratory, 

Dacca University, 

Dacca, 1-7-1948 

1 Report on Soyabean (1946)- -Special Report, i. R. F. A. 
No. 13. 

a Report of the Scientific Advisorv Board of T. R. F. A , 
p. 26, 1946. 


SEWAGE-SICKNESS OF SOIL 

\Skw age-sickness* of soil and soil sickness in 
general have long been subjects of considerable 
interest, and valuable information has been collected 
by a number of workers 1 '*. Further information is 
needed, however, regarding the major cause or causes 
of the sickness of soil. Our recent observations may 
be summarised as follows. 

In the same area where healthy and sick patches 
occur side by side, the latter are usually sticky and 
retain higher percentages of moisture than the former. 
The mechanical structure and chemical composition 
of the sick soils are also altered showing (a) higher 
percentages of fine silt and clay, ( b ) decreased pore 
space, (c) greater amounts of extractable phosphorus, 
and (d) accumulation of sodium. The aqueous ex- 
tracts from the sick patches contain greater amounts 
of salts and also permanganate reducing matter than 
those from the healthy area. Nitrification in the sick 
patches is most negligible, and the micro-organisms 
are characteristic of sewage stagnating in puddles and 
undergoing anaerobic decomposition. The following 
results would illustrate the above (Table I). 

Experiments with the sewage-sick soil have 
shown that they can be reclaimed, as in the case of 


other sick soils, by heating them, by changing the 
surface layers of the soil, or by treating them with 
chemicals, such as burnt lime at the rate of 1 to 2 tons 


TABLE I 

Results bF analyses ok sewage-sick and healthy soils 
from tiie Bangalore sewage farm 


Moisture (percentage) ... j 

Fine silt ( ,, ) . . ... ... ; 

Clay ( ,, ) ... . . . s 

Pore space ( ,, ) . . ... ... i 

Permanganate reducing matter in terms 
of oxygen absorbed in 3 minutes (parts 
per 10,000) ... 

do. in 4 hours (parts per 100,000) .. | 
Carbonate carbon (parts per 100,000) .. 
Organic carbon (parts per 100,000) 

Total nitrogen (N) (parts per 100,000) ... 
Total phosphoric acid (P 3 <) a ) (parts per 

100 , 000 ) 

1% citric soluble phosphoric acid (P 2 O a ) 
(parts per 100,000) 

Chloride (Cl) in 1 :5 water extract (parts 
per 100,000) 


Sick 

Healthy 

soil 

soil 

15 5 

8*6 

6-5 

4*6 

221 

14*9 

280 

40*0 

! 

74 | 

32 

374 

148 

170 

31 

865 

338 

58 

24 

222 

92 

16 

9 

80 

14 


per acre followed by rest for 3 to 4 weeks. The imme- 
diate increase in the crop yield (French beans, 
Phaseolus vulgaris) as effected by these treatments 
of the soil was 20 to 25 per cent. When sewage irri- 
gation was replaced by that with clean water the 
difference was much more striking, the increase in 
the crop yield being 100 to 300 per cent over the un- 
treated control. The response of French beans (in 
pots) to the different treatments of the sick soil is 
shown in fig. 1. 

The effects of varying amounts of different con- 
stituents of sewage (the organic matter, fats, sodium 
chloride, etc.) on the soil conditions and plant growth 
have been studied 6 . The accumulating evidence 
would suggest that the soil in the sick patches gets 
deflocculated and the air space is considerably 
reduced by the gradual deposition of materials carried 
with the sewage and through formation of alkali salts. 
Under these conditions, the percolation is seriously 
affected ; the organic matter of sewage is not easily 
oxidised, and the air supply to plant roots is reduced. 

Different crops, such as ragi, paddy and tomato, 
were successfully grown on vigorously aerated sewage 
in the Activated Sludge Tank. The yields obtained 
were, on an average, tw’o to three times those obtained' 
under the best soil conditions. Similar plants when 
grown oil sewage with reduced or intermittent aera- 
tion showed poor growth such as seen on moderately 
sick soils. When the aeration was stopped for more 
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than a few hours, the plant* wilted and died exactly 
in the same way as observed on planting seedlings on 
soil which is in an advanced condition of sickness. 
These observations show that plants can tolerate even 
high concentrations of sewage provided the air supply 
is adequate. If the latter is reduced, the effects 
associated with sickness are noticeable. This has 
been repeatedly confirmed by pot experiments with 
different types of clay and sandy soils (soils contain- 


sickuess, the most important factor which pre-deter- 
mines such effects is the extent of air supply to the 
plant. The evidence collected by us would show 
that, if liberal air supply to plant roots could be 
ensured through one of the various treatments, all 
the other influencing factors are practically eliminat- 
ed, and healthy and even luxuriant development of 
plants could be obtained. It would therefore follow 
that in the reclamation of sewage-sick soils, the fore- 



fa) (b) (c) 

Fin. 1. Orowtli of French beans {Phascolu s vulgaris) 
in .scwage-sick soil treated in <1 therein ways . 

a. Sew age-sick soil only, without any treatment (control). 

b. Swage-sick soil treated with burnt lime (JO gms. 
per pot). 


(d) W) (f) 

c. Sewage-sick soil heated (heated cn masse). 

d. Sewage-sick soil surface heated. 

e. Sewage-sick soil at the top and garden soil at the 
bottom (1 :1). 

f. Sewage-sick soil at the bottom and garden soil at 
the top (1 :1). 


iug varying amounts of clay). It would therefore 
appear that apart from the other known factors, air 
supply plays an important part in determining the 
extent of sickness on soil. 

The observations on the sewage farm at Madura 
(South India)* which lias been working for the last 
twenty- one years are also important in this connec- 
tion. The farm is properly underdrained and the 
sewage matter accumulating on the surface of the 
soil is periodically scraped out. So long as the latter 
operation is carried out at regular intervals and the 
underdrains work efficiently, the crop yields (mostly 
guinea grass) are maintained at a high level (e.g., 
120 tons of grass per acre per annum). If, as it has 
happened on a few occasions, the material deposited 
on the soil surface is not removed in time, the oxida- 
tion of sewage is adversely affected and the crop 
yields diminish. Maintenance of aerobic conditions 
is thus essential for the prevention of soil sickness 
and failure of crops. 

A critical study of the extensive mass of data 
collected both by us and the workers in other parts of 
the World would show that, although there may be a 
number of individual factors leading to diminished 
crop yields and other features associated with sewage- 


most consideration should be given to conditions 
favouring improved root aeration. 

Further studies on the various related aspects 
are in progress. 

S. C. PllJ,Al 
R. Rajagopafan 
V. Subrahmanyan 

Department of Biochemistry, 

Indian Institute of Science, 

Bangalore, 25-7-1948 

1 Russell, K. J. and Golding, J., J. Agric. Sci., 5. 27, 1912. 

* Russell, E. J. and Petherbridge, F. R,, f. Agric. Sci., 5, 

86, 1912. 

* Waksman, S. A., “Principles of soil microbiology”, 

Bailiere Tindall & Cox, pp. 691, 785, 794, 1931. 

* Chatterji, S. N., referred to by G. J. Fowler, Biochemical 

and allied research in India, p. 89, 1935. 

* Waksman, S. A., “Humus”, The Williams & Wilkins 

Company, pp. 233-34, 353, 1936. 

* Pillai, S. C\, Rajagopalan, R. and Subrahmanyan, V., 

Ann. Reports to the I. C. A. R., 1942-47. 
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ON THE ROLE OF OXYGEN IN THE FUNCTION OF 
PROTEOLYTIC, ENZYMES 

Extensive investigations are on record on the 
mode of enzymatic activity of proteolytic enzymes. In 
connection with a work on the deterioration of pepsin 
in solution 1 it has been noticed that lowering of the 
solubility and inactivation of the function of oxygen 
helps in the stabilisation of the enzyme in solution. 
It has recently been recorded by Stadie et al 2 that 
oxygen at high pressure has no significant effect on 
the peptic activity.' On the other hand observations 
of Milas* tend to indicate that the rate of enzymatic 
activity would not vary so long as the surface of the 
substrate remains .saturated with oxygen. The ques- 
tion naturally arises as to whether oxygen is at the 
root of the activity of proteolytic enzymes. Working 
in this direction it is being found that the peptic 
hydrolysis of proteins is dependent on the presence 
of oxygen. 

Thus a casein solution made free of dissolved 
oxygen by boiling and covered by a thick layer of 
liquid paraffin did not undergo any hydrolysis in the 
presence of a trace of an ester of gallic acid (added as 
an antioxidant to the substrate) in 3 hours at 40°C 
when acted on by 4% pepsin (T 10,000), and the 
extent of hydrolysis that took place in the same 
covered solution without the antioxidant was only 2% 
of the hydrolysis that occurred in the presence of 
oxygen only. Pancreatin (U.S.P.), however, was 
found under the same condition to behave contrary 
to pepsin. In the case of papain again observations 
tend to show that most probably it contains either a 
system of enzyme having more than one active centre 
or two enzymes, where one is favoured by the 
presence of oxygen and the other is partially inactive. 
Incorporation of antioxidant has again been found to 
partially inhibit or to augment the hydrolysis as the 
case may be ; but certain other secondary reactions 
such as the formation of coloured complex with the 
heavy metals in the case of trypsin or papain (of Ray 4 ) 
play a significant role in the enzymatic hydrolysis. 
Thus the hydrolysis of protein by pancreatin in the 
absence of oxygen was found to be somewhat inhibit- 
ed by the addition of an antioxidant, while such an 
antioxidant under similar anaerobic condition aug- 
mented the rate of hydrolysis in the case of papain. 
Details of the investigation are being published else- 
where. 

N. Ray. 

Bengal Immunity Research Institute, 

Calcutta, 17-9-1948 

1 Basu St Roy, Ind. Pharmacist (in press), 1948. 

•Stadie ei al t J. Biol . , 161 , 175, 1945. 
i Milas, Chem . Rev., 10, 275, 1932. 

# Ray, N., /. Ind. Chem . Soc„ 23, 313* 1946. 
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ANION EXCHANGE IN COLLOIDAL SOLUTIONS OF 
FERRIC AND ALUMINIUM OXIDES 

The role of iron and aluminium oxides either in 
the sol or gel states in the fixation of phosphate by 
the soil is not clearly understood. 1 It has been 
variously suggested that phosphates are fixed by 
these oxides by anion exchange. This aspect of the 
process has been systematically studied, using other 
anions besides phosphate and the present note briefly 
summarises some of the results obtained. 

The sols were prepared by precipitating the res- 
pective hydroxides from their chloride solutions by 
ammonium hydroxide, washing the precipitate, pep- 
tising the same with a small quantity of hydrochloric 
acid, finally dialysing and ageing for almost a month. 

The anion exchange was studied in the following 
ways: (1) A measured quantity of the electrolyte 
solution containing the particular anion was added to 
a known quantity of the colloidal solution and after 
four or five days, as required to reach equilibrium, the 
added anion was estimated in the clear supernatant 
liquid obtained either by centrifuging or by filtration. 
The amount of anion adsorbed under the particular 
equilibrium condition was calculated from the differ- 
ence in the concentration of added anion before and 
after the reaction ; (2) A measured quantity of the 
colloidal solution was kept with the electrolyte solu 
tion (not necessarily measured) containing the anion 
concerned for 24 hours and the coagulum was leached 
with a sufficient volume of the solution on a filter 
paper. The coagulum was washed with aqueous 
alcohol to make it free from intermicellary electro- 
lytes and then leached with a solution containing a 
suitable anion. The exchanged anion in the leachate 
was estimated. 

In the ferric oxide sol the anions tried by both 
the methods were bromate, sulphate, thiosulphate, 
dichromate, molybdate and phosphate. With oxalate, 
citrate and salicylate ions the predominant reaction 
with the ferric oxide system was probably the forma- 
tion of complex compounds, as the sol visibly altered 
in appearance. The other anions, except the phosphate 
were taken up by an exchange process and they could 
be replaced by suitable anions. In the case of phos- 
phate, however, a certain fraction of the total amount 
adsorbed could not be replaced even by continuous 
leaching. This "fixed” fraction was estimated in the 
residue left after all the replaceable phosphate was 
removed. With decrease in £H of the leaching solu- 
tion, the fraction of the exchangeable as well as the 
fixed phosphate increased, the former very rapidly 
and the latter only slightly. Similar exchange pro- 
perty was observed with the ferric oxide gel prepared 
by evaporating the sol on the water bath. 

In the case of aluminium oxide sol the anions 
used were oxalate, sulphate, dichromate, salicylate, 
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thiosulphate and molybdate. They were all taken 
up in exchangeable forms. As regards the interaction 
with the phosphate aluminium oxide sol behaves simi- 
larly to the ferric oxide system. The effect of pH on 
the exchangeable as well as the fixed forms of phos- 
phate was almost the same as in the ferric oxide sol. 

The sols studied appear to possess what may be 
called an anion exchange capacity. The values 
obtained by method (2) above correspond to this anion 
exchange capacity analogous to the cation exchange 
capacity of siliceous clays and similar systems. Ferric 
oxide sol possesses 2 to 3 times the anion exchange 
capacity of the aluminium oxide sol. Investigations 
are in progress to ascertain the best conditions for 
determining the anion exchange. 

My thanks are due to Dr. S. K. Mukherjee, of 
the Department of Applied Chemistry for suggesting 
the problem and giving me laboratory facilities, and 
to Sri A. Choudhury for collaborating with me in 
the work on phosphate fixation. 

P. R. Sinha. 

University College of Science and 
Technology, 

92, Upper Circular Road, 

Calcutta, 21-9-1948 

1 Midgley, Proc . Soil Sci. Soc Amer., 5, 24, 1940. 


A NOTE ON SOME CELTS AND CHISELS FROM 
WEST BENGAL 

Thu site where the above artefacts have been 
found is situated on what appears to be a mound near 
the village Bamal about three miles south of Lalgarh 
in the Jhargram Sub-division of the Midnapur district 
in West Bengal. There is a deep meander of the 
Kasai river about a mile west of the place and there 
are two ox-bow lakes about half a mile south-west 
indicating a past channel of the river. 

Outcrop of solid geology is lacking, The country 
rock is laterite underlain at places by lithomarge and 
overlain by lateritic soil. A section near Pratappur 
on the river reveals a bed of pebbly laterite (about 70 
underlain by a deposit of lithomarge of unknown 
depth overlain by a thick deposit (about 40') of 
reddish yellow sandy clay with ferruginous concre- 
tions towards the bottom. At the top there is a soil 
cap of about 5' in thickness. 

At or near the site, however, there is no lateritic 
exposure nor any other rock. No deposit of gravel 
is found here. The site is about 50' high above the 
present level of the river. The contour height round 


this place is 200' above S.L. according to the Survey 
of India map. The soil is blackish at the top which 
seems to be fairly rich in humus. But the soil below 
is reddish yellow not unlike the reddish yellow sandy 
clap observed near Pratappur about two miles north 
of this place. Gulley erosion is fairly strong here and 
the mantle of soil is being rapidly eroded by gulley 
formation. 




A collection of twelve stone implements which 
include ground celts and chisels of Neolithic type was 
made from the surface, that is from the top, and from 
the gullies. Presumably the celts lying in the gullies 
have come out by weathering. Two specimens, one 
a chisel and the other a celt, were obtained in situ 
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by cutting a small trial trench. The chisel was found 
at a depth of 1" while the celt was found at 2' 10" from 
the ground surface. 

The celts, excepting one, • are all ground celts 
with slight traces of chipping at the sides. Three 
of these are worth mentioning here. The specimen 
No. L,.G. 2 is smoothly ground celt, triangular in 



shape and having a bevelled cutting edge which is 
sharp and straight. The sides are rounded and con- 
verge at the pole. The specimen E.G. 9 is a small 
oval ground celt with a deeply convex sharp cutting 
edge. The specimen LG. 10 is a partly polished and 
partly chipped celt. The tool is unfortunately broken 
towards the cutting edge. The in situ celt is a crude 
ground celt with coarse marginal chipping. The sides 
are thick and rounded. The cutting edge which is 
partly broken seems to be more or less straight. The 
long slender chisel (L.G. 1) found in situ, is a smooth- 
ly ground tool with a sharp cutting edge, slightly 


rounded at the sides. There are traces of fracture at 
the pole. 

The implements are probably made of some basic 
igneous rock, of grayish green colour. Some speci- 
mens show a whitish patination. 

This is the first discovery of stone implements of 
Neolithic type found in situ in Bengal. In 1937-38 a 
number of small celts or chisels, microliths, beads as 
well as some iron implements were collected from the 
surface of a flood plain at Nadiha on the Damodar near 
Durgapur. 1 Previous to this, Ball 2 discovered a tool of 
palaeolithic type in Bengal (Bankura) in 1875. 

D. Sen 

Department of Anthropology, . 

University of Calcutta, 

35, Ballygunge Circular Road, 

Calcutta, 5-10-1948. 

1 Report : Arch. Surv. of India, 1937-38. 

• Ball, V., Proc. . As. Soe Bengal , 1876 


NOTES ON THE AFFINITIES OF MORINGACEAE 

The genus Morin ga with about a dozen species 
of xerophytic trees has been considered sufficiently 
distinct to be included in a family, M oringaceae. The 
relationship of this family with other groups of plants 
has been a subject of some speculation. In view of 
some similarity in the characters of the stamens, 
de Candolle (Prod. 2, 478, 1825) included Moringa 
under Leguminosae within the tribe Cassicac. Grise- 
bach and Baillon considered M oringaceae as belong- 
ing to Rhoeadales. There are a number of other views 
which have been summarised in a recent paper by 
Datta and Mitra. 1 These two authors have also pro- 
posed that Mortngaccae should be taken out of 
Rhoeadales (sensu Engler and Prantl), or Capparidales 
(sensu Hutchinson), and be placed with Violaccae 
under the order Violates . The family Violaccae like 
some other families, such as, Polygalaceae, Bigrtonia - 
ceae, Melianthaceae etc have been mentioned as afford- 
ing some characters for comparison with M oringaceae 
(Engl. Pflanzenfam. I7B , 696, 1936), but in view of 
several other characters, none was bold enough to 
suggest that M oringaceae should be taken out of the 
orders Rhoeadales or Capparidales . This has now 
been proposed by Datta and Mitra. While fully 
admitting that such discussion on problems of phyto- 
geny may not lead us anywhere outside the field of 
speculation, it may be still profitable to point out 
certain objections to this proposed change. 

It appears that these authors have overlooked 
Jumelle's interesting paper* on the species of Moringa 
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in Madagascar, where, after some very interesting 
discussion on the affinities of the family Moringaceae, 
Jumelle emphasised the close association of this family 
with Capparidaceac. He admitted that Moringaceae, 
with pen tarn erous flowers and tricarpellary ovary is 
rather distinct from the tetramerous flowers and 
bicarpcllary ovary of Capparidaceac, blit he could not 
reconcile in their segregation. Apparently, Jumelle 
overlooked the characters of the remarkable family 
Bretschneideraceae from Yunnan, China, which should 
have been considered by him in this connection. In 
Brelschneidera sinensis Hemsley (see fig. in Engl. 
Pflanzenfam. 17B, 700, 1936), we find a combination 
of characters between Moringaceae and Capparidaceac, 
and Bretschneideraceae should be regarded as some- 
thing like a link between these two families. This 
would further strengthen Jumelle’s view. Datta and 
Mitra have suggested that Hutchinson 5 by placing 
Moringaceae not far from Violaceae appeared to have 
agreed partly to their line of thoughts. The present 
writer had the privilege of discussing this point with 
Dr Hutchinson at the Kew Herbarium, and he is now 
in a position to elucidate Hutchinson’s opinion. In 
his original arrangement, Hutchinson included Morin- 
gaceae within the order Capparidales, in the continuous 
ascending series Rhoeadales, Loasalcs, Capparidales , 
Cruciales, Violates , and Polygalales. As such, trans- 
ference of one family, from one order to another, on 
more adequate evidence, (as, suggested by Datta and 
Mitra) appears to be justifiable. But, on further con- 
sideration, Hutchinson himself has slightly changed 
his earlier view. He considers that a complete break 
in the series after Capparidales is now justified. 
According to him, the order Capparidales has a pre- 
dominantly arborescent origin and should be regarded 
as an end point of a particular line of development. 
That is, there is a definite break between Capparidales 
and the following orders, e.g., Cruciales , Violates and 
Polygalales — which are to be regarded as of herba- 
ceous origin. This modified opinion of Hutchinson 
(now in MSS) further supports the association of 
Moringaceae with Capparidaceac more strongly than 
it was before. Due to this proposed break in the 
continuity of the series, it would appear now difficult 
to transfer Moringaceae from the order Capparidales , 
to Violates. In broad characters, the family Moringa- 
ceae contains large xerophytic trees, with bi- or tri- 
pinnate leaves, gum sacs, homochlamvdeous perianth, 
short calyx tube, gynophore, five staminodes, and 
long loeulicidal capsular fruit. All these are very 
different from Violaceae. Admittedly, there are some 
other characters of similarity, such as, pentamerous 
zvgomorphic flowers, nature of embryo-sac, structure 


of pollen grains etc. Some of these cytological 
characters may be quite helpful in deciding the rela- 
tionship of the genera within a natural family, but 
with larger groups, these may have only supplemen- 
tary values. In his interesting paper, 4 Maheshwari 
has shown that the Fritillaria-type of embryo-sac has 
been recorded in a number of Dicotyledonous families. 
These observations do not however suggest that the 
genus Fritillaria may be phylogenetically associated 
with some of these Dicotyledonous groups. Similarly, 
the statement (Datta and Mitra l.c.) “with the matu- 
rity of the embryo the whole endosperm is used up 
and consequently the seed is non-endospermic in 
Moringaceae ” — is too general to be of any particular 
interest in a phylogenetic discussion. 

In the opinion of the present writer, Moringaceae 
has stronger links with Capparidaceac than with 
Violaceae. This has been emphasised by Jumelle, and 
Moringaceae should remain within the order Cappari- 
dales. The characters of Bretschneideraceae afford 
some definite support to such a view besides, the 
presence of myrosine cells in both Moringaceae and 
Capparidaceac. The writer is also taking ^advantage 
of this note, to cite the synonyms and the correct 
name of the commonly cultivated Morin ga of India, 
Burma, and Ceylon. 

Moringa olelfera Lam. Enel.. /. 398 (1785) ; 

Gullandina nwritura Livn . Sp. PI.. 381 (1753) , 

Hvper anther a moringa Vahl, Svmb Pot., I. 30 (1790); 

Anoma moringa Lour. FI. Cochinch .. 279 (1790) • 

Anonia morunga Lour. FI. Cochinch., 279 (1790) ; 

Morhiea pterygosperma Gacrtii, Fruct., 2, 314 el tab. 
147 (1791); 

Moringa erecta Salisb. Prod Stirp. Allot., 326 (1796); 

Moringa zeylanica Pers. Syn., 1. 461 (1805); 

Moringa polygcma DC. Prod., 2. 278 (1825) ; 

Mortnga domestica Bnch-Harn. Mem. Wern. Soc., 5. 
pi. 2, 371 (1820) ; 

Mortnga moringa (Linn.) Millsp Pub. Field Colnmb . 
Mus. Pot. Ser. /. 490 (1902); 

Moringa mortnga (Linn.) Small, FI. S. K. United States. 
491 (1903). 

Some authors have suggested that Moringa 
octogona Stokes (Bot. Mat. Med., 2 , 466, 1812) is a 
synonym of Moringa oleifera Lam. But the former 
appears to be a doubtful species, as it is stated to 
have ten perfect stamens. 

D. Chatterjee 

Royal Botanic Gardens, 

Kew (England), 6-10-1948. 

1 Joum. Bomb. Nat. Hist. Soc.. 47, 355, 1947. 

9 Ann. Musee Col. Marseille , Ser. 4 , fasc. 1, 1930. 

9 Fam. FI. PI. I. 12-13, 1926. 

4 Ind. Bot. Soc. M. O. P. Iyengar Com., Vol. 101, 1946. 
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UNIVERSITY GRANTS COMMITTEE • 


O n : iccount of the long association of this country 

with the United Kingdom, its public Institutions 
have almost invariably been set up on the same 
pattern as the corresponding bodies in Great Britain. 
Tims we have our parliament, ministries, universities, 
self-governing bodies like municipal corporations, 
scientific departments bearing almost the same names 
as their prototypes in the U. K. One of the latest 
addition to these bodies has been the University 
Grants Committee created in 1946. It was clearly 
so named in imitation of the University Grants Com- 
mittee set up in the United Kingdom in 1919 to re- 
view’ the w orks and schemes of expansions of Univer- 
sity education from a national point of view', and 
give them substantial financial aid to enable them to 
come up to the standard suited to national require- 
ments. 

The proposal of creating a U.G.C. in India was 
first mooted in the Sargent Committee Report on 
Post-War Development of Education in India, and 
two leading members of the British U.G.C. were 
brought dow’n to tour this country explaining to the 
university authorities the role of the Committee in 
the U.K.* When, however, the U.G.C. was actually 
set up, Us scope w*as restricted to only the three 
universities which the Department of Education of 
the Government of India considered to be its charge 
proper, — namely, the University of Delhi at the head- 
quarters of the Government, and the Universities of 
Aligarh and Benares which had come under the 
Central Administration for extra-academic reasons. 
It is said that the fiction of * ‘Central Universities” 
w'as invented by the Education Department, which 

* We had occasion to discuss the University Grants 
Committee as envisaged by the Sargent Report in one of 
the series of articles we published on ••Scientific Kducation 
and Research in Relation to National Welfare”. (See 
Science a^d Culture, w, 409, 1945), 


found itself overworked, without sufficient finance or 
staff, and after a heroic effort to convince the 
Viceroy’s Cabinet that university education through- 
out India should be their charge, fell back upon the 
fiction of “Central Universities” so that they might 
not be worked to exhaustion ; — it had no backing 
by a Cabinet Resolution. A U.G.C. thus set up 
under a Government with such limited reference to 
look after the needs of only three individual univer- 
sities, which had no provincial connotations, could 
hardly be expected to think in terms of national 
needs, national outlook and national education, and 
it was futile to expect that this U.G.C. would render 
the same service to Indian University Education as 
the corresponding British body has rendered to British 
University Education. The first Indian U.G.C. of 
1945 was composed of a Chairman and 3 members, 
and though ill 1946 the Committee was enlarged to 
one consisting of a Chairman and 6 members, the 
terms of reference remained unchanged,— as if, a mere 
increase of the personnel could get over the limita- 
tions referred to above. In fact, in spite of the grand 
manner in which it was heralded and its grandiloquent 
name, the U.G.C. during these two years was frankly 
and avowedly a mere appendage of the Department 
of Education of the Government of India with a very 
limited function, and looking only after the needs of 
the Universities of Delhi, Aligarh, and Benares. 

It was in 1947 after the attainment of Indepen- 
dence that the first Indian U.G.C. worth the name 
and with its scope extended to all the Universities in 
the Indian Union, was constituted by the first Educa- 
tion Minister under the National Government, Man- 
lana Aluil Kalam Azad, with a chairman and 
8 members.* 

* The Rt. Hoti’hk I)r M. R. Jnvakar, ('hail man (Jurist); 
Sir S. S. Bhatnagar (Chemist : then Scrretnn to Govt, of 
India, Ministry of Education), Dr Zakii Husain (Vice- 
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The terms of rckrcnoe arc : 

“To make enquiries and recommendations re- 
garding : 

(/') tlic lines oil which the Universities should 
develop ; 

(//) llit* additional amounts in the forms of 
grauts-in-aid from public funds required 
for these ; 

and (iii) the co-ordination of their activities with a 
vie\v to avoiding unnecessary overlapping.** 

Free India has now a National Government, and 
it is hut natural that the New Indian U.G.C. has 
heen invested with power to look after the financial 
needs of, and to formulate plans for, University 
Education that would he adequate to national needs. 
According to the terms of reference, the National 
Government had clearly done away with the fiction 
of “Central Universities’*, and recognised clearly that 
as the future administrators, public servants, scientific 
and technical men- - in fact all the personnel needed 
to nin and develop a modern State had to be recruited 
impartially from all parts of India, all University 
Education and higher research should be their charge; 
and it would be hazardous for the unity and develop- 
ment of India, if University Education was left 
entirely to the fissiparous policies of provincial legis- 
latures and caprices of the local party polities. It is, 
however, necessary to ensure at the outset that the 
Indian U.G.C. may not be satisfied with the mere 
identity in name and similarity in the terms of re- 
ference with those of the U.G.C. in Great Britain, 
but that it may be as conscious of the nature and 
scope of its responsibilities, and as earnest and 
thorough in discharging the same as the British 
U.G.C. It is to this end that w T e publish elsewhere 
in this issue an .article on the function and working 
of the British U.G.C. and the expansion of Univer- 
sity Education in that country brought about through 
its efforts during the last 30 years. We propose now 
to review some of the lessons brought out in that 
study with a view to their adoption by our U.G.C. 

The composition of the Committee is more im- 
portant than is usually thought of. The composition 
of the British U.G.C.* recognises the principle that a 

Chancellor, Aligarh University), Mrs. Hansa Mehta (Ex- 
Minister, Bombay : representing Medicine), Sir Homy Modv 
(Industrialist), the Hon’blo Dr B. C. Roy (Premier, West 
Bengal ■ representing Medicine), Prof. Meghnad Saha 
(Physicist), Dr P. Subbarayan (Politician), Mr K. Zacliariah 
(Historian : Public Service Commissioner) —Members. Dr P. 
Narnsimhnv\a, Secretary, who is on the slatf of the Educa- 
tion Ministry ; none else is a full-timer. 

* Sir Walter Moberly, whole-time Chairman (Philo- 
sopher) ; Dr A. K Trueman, whole-time Deputy Chairman 
(r.eologist) ; Sir Charles Darwin (Physicist), Mr H b. Elvin 
(representing expert knowledge in Lihrarianship), Sir Peter 
1 uues (Retired Education Official), Mr H. S. Magnav (Edu- 
cation officer), Plot \V. E. Collinson (Language), Miss D 
dvinoiid (Economic History), Miss Margery Fry (Ex- 


purely academic body like the U.G.C. should consist 
entirely of teachers and academicians, and of experts 
in some of the subjects taught in the Universities. 
There is no representation of the grant-giving body 
as such in the Committee (Parliament in this case), 
and no official of the Ministry of Education or of the 
Treasury. Our U.G.C. is composed of very brilliant 
men, but ncvcilhelcss the selection lacks almost all 
the above features of the British U.G.C.* 

There is prevalent in our country a practice of 
providing representation for the Legislatures or Focal 
Bodies or private donors, on academic bodies to whom 
they may sanction grants or donations, irrespective 
of their competence to speak on matters educational. 
It is but natural for donors to be assured that their 
grants are properly utilized and they may rightly in- 
sist on strictest audit and on administiation bv an 
independent body of academicians and experts ; but 
it would not be desirable to make the grants or dona- 
tions a ground for forcing non-academic representa- 
tion on academic bodies. It is our experience that 
such men have not in the past, been able to give time 
and attention. It is all the more true for the com- 
position of the U.G.C. which is the academic body 
created to act as Trustees of the grant-giving bodies 
or persons. 

During the first year of its existence, the re- 
constituted Indian U.G.C. received applications for 
grants from the Universities, supported by necessary 
statements, scrutinised these applications in a 3 days’ 
sitting, and recommended grants for these Univer- 
sities to the Ministry of Education. There was 310 
attempt to contact the Universities, — far less to con- 
tact the various other limbs that constitute a Univer- 
sity, which has been the most noticeable feature of 
the working of the British U.G.C. In fact, it appears 
from the composition of the Committee that such 
visits, and any form of sustained and continuous 
working throughout the year wdiicli alone can enable 
the U.G.C. to arrive at a correct estimate of national 
needs of higher education, are not even contemplated. 
The Committee has a Secretary who is on the staff of 
the Ministry of Education. The Committee should 
be an autonomous and independent unit with its own 
full-time Chairman and a Secrctaty and a small staff, 
if it is to do its veork properly, and it ought to study 
the needs of University Education by means of 
periodic tours and personal contacts witli the univer- 
sities in a friendly spirit. 


Principal : Sociology), Prof. P. S. Noble (Classics), Prof. (?. 
W, Pickering (Medicine), Prof. E. K. Rid cal (Chemistry), 
Prof. A. Rol>ertson (Chemistry), Sir Edward Salisbury 
(Botany), Prof. J. C. Spence (Medicine) and Prof. R. H, 
Tawney (History) —Members. The Committee lias its own 
whole-time Secretary and secretarial staff. 

* We mnv notice in passing that the personnel of the 
Universities Commission have 1*.*en on more desirable 
lines (sec Science and Culture, December, 1948, p. 241). 
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The working of our U.G.C. during the last 3 T ear 
has revealed another fundamental defect in the set-uj> 
of our University Education. The grants asked for 
by the universities were meant only to be utilized 
in the universities proper for post-graduate education 
only, and presumably the Committee also provided the 
grants for such limited purpose. Our universities 
are used to consider only post-graduate students as 
University Students, and our U.G.C. also appears to 
think in the same way. The British U.G.C., on the 
other hand, caters for the needs not only of Research 
and Advanced students, but also for all First Degree 
and even post-Matriculation Diploma students. The 
Treasury grant allocated by the British U.G.C. to 
the University of Uondon, for example, is appropriat- 
ed not merely for the University College, but is 
equitably distributed between all other constituent 
Colleges and Schools of the Uondon University. 

Whatever the drawbacks in its composition, and the 
shortcoming of its mode of working, and however cir- 
cumscribed its outlook, the Indian U.G.C. recommend- 
ed substantial grants-iu-aid to the different universities 
for the year 1948-49. But even this little work has been 
marred by the relation of this U.G.C. to the Ministries 
of the Central Government. The British U.G.C. is a 
Committee of the Treasury. It makes out a case 
for financial aid to universities and other institutions 
of university rank on the basis of study of their needs 
carried out throughout the year, makes an estimate of 
the total grant required for education at the University 
stage and places its recommendations before the 
Chancellor of the Exchequer, and successive chan- 
cellors have always accepted these recommendations 
in t licit entirety. And once the giant is voted by 
the Parliament, the U.G.C. proceeds to distribute 
the total grant among the different universities ; 
there is no occasion for reference to the Education 
Ministry at any stage or to the Treasury. The 
Indian U.G.C., on the other hand, being a 
Committee of the Education Ministry, whatever 
grants were recommended by the U.G.C. for 
the universities had first to be approved by the Educa- 
tion Ministry, then every item with the recommenda- 
tion of this Ministry was further examined so very 
critically and thoroughly by that Superministry, the 
Ministry of Finance, that it is no wonder that after 
passing through thc.se two bottle-necks very few items 
finally emerged out of the archives of the Govern- 
ment intact ; in fact none to our knowledge so far as 
the so-called non-Central Universities are concerned.* 

* Amongst the so-called Central Universities, the Uni- 
versity of Delhi, (and probably one or two others), thanks 
to the energy, and persistency of its Vice-Chancellor, Sir 
Maurice Gwyer, has been able to get ample grants out of 
the Central Government for the expansion of the Univer- 
sity of Delhi. The University at the Metropolis has now 
a campus of 600 acres, with large number ot educational 
buildings, tAid with provision of residential quarters for 
teachers and dormitories for students. The present state of 


A large number of doctors were called to cure the 
patient, and their elaborate treatment has completely 
killed the patient. 

The problem of University Education is indeed 
vei\v difficult and intricate in India, because of the 
cashless of the country with its much larger popula- 
tion, the existence of autonomous Governments in 
the Provinces simultaneously with a Government at 
the Centre, and its much more slender finances. The 
needs of the country for education at the First 
Degree and higher stages must be carefully estimated, 
both on a short-term and a long-term basis, and this 
need must be met by a judicious and economical 
distribution of available provisions. It has further 
to he ensured that these provisions are made available 
to those of our young men who are most qualified to 
piofit by them. The cost of all these provisions must 
he allocated between the Centre and the Provinces 
on the one hand, and between Focal Civic Bodies and 
the State on the other hand. To undertake these 
enquiries the Government of India has appointed a 
Universities Commission. But after this Survey is 
over, and the form of University Education most 
suited to the requirements of the nation and the 
genius of its people, has been formulated, and the 
measure of State aid necessary in relation to the 
number of University-trained personnel required for 
the country, has been estimated, it will be the duty 
and privilege of the Indian U.G.C.-- may' be, aided 
by provincial Committees — to carry' out the pro- 
gramme, and to ensure that India adopts a modern 
system of University education on a scale which will 
be comparable to those operating in leading countries 
of the West. 

To sum uj> : Our recommendation is that the 
University Grants Committee can discharge its func- 
tions in a way consistent with the new educational 
responsibilities of free India, only' if it is reorganised 
on the following lines : 

(1) University Education throughout India 
should be in the Concurrent Fist of the Draft Con- 
stitution of India. 

(2) Tlie Central Government, as well as the 
States, should set apart a certain percentage of their 
revenue for education in general, and a certain part 


tin* University of Delhi may be compared with that in HK?5, 
when Sir Richard Gregory Kditor of Naiuic, visited Allaha- 
bad, and sta\ed with the writer of this article. Sir Richard 
told him ; “J have l>eeii to a funny place at Delhi. The\ 
showed me two rooms on the upper story of a shop, and 
said those were the Science Lalwatoi it^ of the University 
of the Metropolis of India.” Delhi has progiessed, though 
not yet to the same standard in all subjects as the older 
universities, thanks to the efforts of Sir Maurice Gwyer, 
while Allahabad, Calcutta and other older l T ni\ersities have 
remained stationary, inspite of huge increase in the num- 
ber of students and their requirements, the competence 
of their teachers, and past records and traditions. This 
shows what leadership ami personal initiative can do iu- 
spite of odds. 
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of it should be reserved for University Education. 
This should be incorporated in the Draft Constitu- 
tion. 5 *' u $ 

j ; I, 

* Tlic Chinese Government has a clause in its constitu- 
tion that IS per cent of its revenue should be spent oil 
Education. Contrasted with that the Central Government 
of India spends less than 1 per cent of its income on 
Education; though some of the Provincial Governments of 
India spend hbetally on education, c.g., ih«' Government of 
Uomba v which spends 18 per cent, other Governments are 
very economical on education. The West Bengal Govern- 
ment, entirely composed of members elected on Congress 
ticket, spends only 6‘< per cent and we are told on high 
authority that of this, a substantial amount is going to be 
“Unspent Balance . f> The present West Bengal Govern- 
ment has thus outdone the League Government in killing 
education, for even the League Government spent 12 per 
cent. The West Bengal Government has l>een extre- 
mely economical on the salaries of starving teachers be- 
longing to primary, secondary, collegiate and university 
rank. 


(3) The U.G.C. should be reorganised on the lines 
suggested in this article, with a whole-time Chairman, 
a Secretary and a secretariat staff. The members 
may — in view of the history of the relations of the 
universities in this country with the Central and the 
Provincial Governments — be selected by the Ministry 
of Education, but the Committee should be an in- 
dependent and autonomous one, and further, a con- 
vention should grow up so that its estimate of the 
total State aid necessary for University education will 
be forwarded in tact by the Ministry of Education, 
and accepted in toto by the Ministry of Finance so 
long as the amount sought is within the national 
resources, and after the amount is sanctioned by the 
Parliament, the allocation of the total grant to in- 
dividual universities will be made only in accordance 
with the recommendations of the Committee. 


UNIVERSITY GRANTS COMMITTEE IN ENGLAND* 

RAMANI MOHAN ROY, 

INDIAN ASSOCIATION FOR THE CULTIVATION OF SCIENCE, CALCUTTA 


A UNIVERSITY Grants Committee is now func- 
tioning in India and its scope now extends to 
all the Universities of the Indian Union. It has 
been thought advisable to review the formation and 
growth, function and utility of the U.G.C. in the U.K. 
so as to obtain data in the light of which it may be 
possible for the Indian U.G.C. to adopt desirable 
lines of improvement. It is also proposed to show 
how State aid on an increasingly generous scale has 
contributed towards the expansion of university 
education in Britain. Such a study may be specially 
instructive at this stage, for unfortunately there is 
prevalent in this country a view that while it is the 
imperative duty of the State to make provisions for 
compulsory basic education, and to a less extent, for 
secondary education, university education in general 
— and post-graduate education and research in parti- 
cular — may be left to shift for themselves. 

Formation and Scope op the U.G.C. in U.K. 

In 1919-20, universities in the U.K. were in a 
position of great difficulty. The number of full-time 
students in grant-in-aid universities and university 
colleges had risen from roughly 20,000 in 1900-01 and 
28,000 in 1910-11, to well over 33,000 in 1919-20. 


* This article is based on Reports of University Grants 
Committee (Britain) for relevant years and an article by 
Margery Fry, Universities Quarterly, May, 1948. 


The proportion of the number of university students 
was as yet only 1 in 1275 of the total popula- 
tion ; it was 1 in 1000 in U. S. A. and 1 in 
710 in Germany. Naturally there was an in- 
sistent demand for more university-trained per- 
sonnel,- — for more specialists in science, in com- 
merce and in industry. The World War I had further 
brought home to the administrators of the country the 
imperative necessity for research. It was thus made 
clear that universities must all bring about all-round 
expansions to find places for a much larger number 
of students and researchers, ultimately for the service 
of the country. 

But the universities had their resources very much 
strained. The salaries of the teachers were miserably 
low, and there was an acute shortage of teachers. 
University buildings were inadequate and often un- 
suitable. University libraries were starved — the 
annual expenditure on books ranging from £18 up- 
wards ! There was no scope for increasing the tuition 
fees which were already much higher than in other 
countries. State aid to some individual institutions 
sometimes came up to 34 per cent of the total reve- 
nues ; but it was 80 per cent in German Universities, 
— the University of Berlin alone had State grants 
nearly equal to the total grants for universities and 
colleges in England and Wales. The total parliamen- 
tary grant was £500,000 in U.K.; it was £2,000,000 in 
Germany and £7,000,000 in U.S.A. Invented funds 
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yielded a maximum of 15 per cent of the income 
in some of the British Universities ; in U. S. A. 
it formed 34 per cent. Private benefactions 
amounted to ^5,000,000 annually in U. S. A. ; 
in U. K. it totalled a bare one-twentieth of this 
amount. All these combined to make it abun- 
dantly clear that the cost of provision for university 
education on a scale considered necessary for the 
country had far outstripped the total of endowments, 
private benefactions, grants from local authorities and 
income from students’ fees, and that the time had 
come for the State to assure generously larger sub- 
ventions for the universities. 

This, however, brought another question in its 
train. Parliamentary grants must necessarily be sub- 
ject to the vote of the parliament. State aid had not 
so long been large enough in relation to the total 
finances of the universities ; but it was likely that 
as this governmental aid began to gradually mount 
up, parliamentarians would become more vigilant in 
the exercise of their control. Universities, on the 
other hand, were very jealous of their autonomy with 
regard to academic matters and control of expendi- 
ture of their funds ; and it was certainly not desirable 
that universities should be subject to the vagaries of 
political conflict. 

That was the problem which confronted the 
Government, and the U.G.C. was created in July, 
1911), to strike a balance between these conflicting 
claims of educational autonomy, and parliamentary 
control of public finances. Its first terms of reference 
were : 

“To enquire into tlic financial needs of university educa- 
tion in tlie t T . K. and to advise the Government as to 
the application of any grants made by Parliament to- 
wards meeting them.” 

In 1946 the U.G.C. was invested with further duties 
in purely academic matters, and to the terms of re- 
ference was added : 

“to collect, examine, and make available information 
on matters relating to university education at home and 
abroad ; and to assist, in consultation with the univer- 
sities and other tiodics concerned, the preparation and 
execution of such plans for the development of the 
universities as may from time to time be required in 
order to ensure that they are fully adequate to national 
needs.” 

Composition 

The Committee has now a full-time Chairman, a 
full-time Deputy Chairman, a Secretary and a small 
office staff. It is thus an autonomous and independent 
unit. Members all work in an honorary capacity ; 
they are appointed for a term of five years, and con- 
sist of professors and heads of universities (and 
colleges), and experts drawn from outside these 
institutions who are considered capable of tendering 


advice on the needs of universities. The personnel 
of the U.G.C. for 1943, which is just now before the 
writer, shows that besides the Chairman, there were 
14 other members including 2 members associated 
with the administration of the grant-earning bodies, 
1 woman member who is an ex-Principal of a college, 
1 Director of a Railway, 5 Professors or Principals 
and 5 experts who represented among themselves 
Economic History, Humanity, Language (German), 
Medicine, Mechanical Engineering, Botany, Physics, 
Chemistry, Education and Librarianship. 

The composition of the Committee is highly 
instructive, showing as it does that the selection of 
the personnel is made with an eye to the needs of 
representation of diverse subjects taught in the uni- 
versities, irrespective of any form of regional 
representation ; the selection shows further a balance 
between representation of teachers and non-teaching 
experts. It is noticeable that there is no representa- 
tive of the Ministry or of the Parliament as such ; 
nor is there any person going in our country by the 
vague all-embracing term of an ‘educationist*. 

Working of the U. G. C.— The U. G. C. has 
grown into a position of authority and influence far 
greater than what its terms of reference seem to 
imply. It has jurisdiction over 16 degree-giving 
universities in Great Britain and their constituent 
institutions, and Treasury grants to these fifty con- 
stituents are not made except oil the recommenda- 
tion of the Committee. 

The permanent officers of the Committee, and 
as many as possible of its members, visit all the 
constituent institutions during 12 months at the end 
of every five year period to see, at first hand, how 
far former grants have helped progress and what 
further aid, recurrent or capital, would be required 
by each for its desirable developments. During such 
visits the Committee does not merely study the 
budget and financial statements of these institutions, 
but collects information regarding the status, salary 
and conditions of service of its teachers, development 
of the social life of its students, needs for scholarships 
and State assistance for stdents, and provisions 
made for finding employments for them, and also 
enquires into the standard of teaching and research, 
adequacy or otherwise of buildings, laboratories and 
their equipments, and library facilities. It has been 
emphasised by the U.G.C. in its reports and recog- 
nised by the constituent institutions, that it would 
be wrong to call such visits as “inspections" : the 
Committee goes and is received there as a friend, 
may be a critical one,— it g#es not merely to collect 
information, but also to get an overall picture of 
university economy ; it is as ready to be helpful as 
to be critical. During these visits the Committee 
makes it a point to interview not only the heads 
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of administrative and academic bodies, but it also 
contacts the junior staff, local leaders of public 
opinion, and the students. In these conferences the 
Committee learns as much as it advises. 

On the basis of the knowledge thus gained the 
U.G.C. presents directly to the Treasury (and not to 
the Board of Education or the Ministry of Education) 
an estimate of the needs of the universities. Treasury 
grants are provided accordingly in the National 
Budget, and after these are voted by the Parliament 
the Treasury disburses the grant to individual insti- 
tutions on the basis of distribution of the total grant 
as advised by the U.G.C. Much of the present 
power and prestige of the U.G.C. has been estab- 
lished as a result of conventions and practice followed 
by successive Chancellors of the Exchequer since the 


this manner, the creation of the U.G.C. has effec- 
tively cut out any direct political pressure upon any 
university. As the U.G.C. is a Committee of the 
Treasury (which corresponds to the Ministry of 
Finance in our country), and as its decisions are not 
subject to review by the Ministry, and there is no 
chance of the recommendations getting lost amidst 
the files of officials of the Government departments, 
there is no time lag between the recommendations 
and the universities getting aid. 

Some figures may now be considered to show 
what great strides have been made in university 
education in Great Britain, and to what immense 
degree governmental aid to universities has increased 
between the inception of the U.G.C. in 1919 and the 
present times. 


TABLE I 

Sources op Income op Universities 


Year 


1928-29 

1934-35 

1944- 45 

1945- 48 


Endowments 

Donations & 
subscrip- 
tions 

Grants from Local 
Authorities 

Parliamentary 

Grants 

Amount 

Percent- 
age of 
Total 
income 

Percentage 
of Total 

Amount 

Percentage 
of Total 

Treasury 

Grants 1 

Total 2 

Percentage 
of Total 

1 

income 

i s 

£ 

income 

£ __ 

... 

income 

716,425 

13-9 

2*4 

524,450 

10-1 

1,537,925 

1,854,425! 35-9 

845,905 

139 

27 

598,393 

9-9 

1,800,830 

2,058,914 

33-9 

1,066,530 

140 

22 

631,555 

; 8-3 

2,425,156 

2,955,692 384) 

1.151,757 

112 

P9 

704,711 

1 6-9 

i 

i 4,491,326 

1 1 

5,069,525 

49-3 


Tuition, j 


Exam. X 
other fees. 

X- Miscall. 

| Total 

L\ rcentage 

i income 

| 

of Total 
in conic 

i 

_ 

! £ 

37 -7 

| 5,174,510 

39*0 

| 0,073,051 

36-6 

j 7,600,635 

30*7 

j 10,280,470 


1 Parliamentary grants through U. G. C. 

2 Total parliamentary grants, including 1. 


inception of the Committee. Though under no 
obligations to do so, they have always followed the 
advice of the U.G.C. in the matter of distribution 
of the voted sum between the several universities, 
liven though the Parliament has the power of voting 
or withholding of universities' grant, by common 
consent this grant has ever been kept outside the 
caprices of parliamentary vote, and the parliament 
has never sought to interfere with the distribution 
of this grant between the different universities. In 


The t court cut Parliamentary grant which in 
1919-20 was about £500,000 increased to nearly 
£5,000,000 in 1945-46 ; it is today of the order of 
£9,000,000 and is to rise to nearly £12,000,000 by 
1951-52. The proportion of governmental aid to 
universities now amounts to more than half of their 
income ; it will shortly increase to about two-thirds. 
(Moreover the Government has undertaken to find 
many millions of pounds for capital expenditure 
during the next few years). 


TABLE II 

University student population 




Full-time 

students 



Part-time students 













Courses not 

Attending 

extra-mural 

Year 









of Univ. 


Research X 
Advance 

First 

Degree 

Diploma 

Total 

Research & 
Advance 

First 

Degree 

Diploma 

Total 

standard 

classes 

1928-29 

2,082 

35,219 

7,008 

44,309 I 

1,581 

1,596 

11,062 

14,239 

16,598 

20,093 

1934-35 

2,866 

39,284 

! 8,488 

50,638 

1,969 

1,808 

9,635 

13,412 

13,570 

28,045 

1944-45 

1,002 

i 32,035 

4,802 

37,839 

994 

1 ,549 ! 

9,427 

11,970 

13,736 

44,243 

1945-46 

2,691 

i 42,568 

6,363 

51,622 

1,946 

1,904 

1 

11,702 j 

i 

15,552 

13,209 

53,766 

u 
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In reckoning the Exchequer’s contribution to 
university education, we must also consider the 
expenditure in scholarships and maintenance 
allowances borne by the State in addition to direct 
grants to the universities . This amounts to 
£12,481,000 in 1947-48, and £14,562,000 in 1948-49 
(the increase of about £2 million being: provided for 
Further Education and Training grants to ex- 
service students at Technical and Arts Colleges). 

Though the Parliament votes supply for the 
Universities’ grant annually, it has come to be 
agreed that the recurrent grant settled will be avail- 
able for a five years’ period. This enables the 
universities and colleges to formulate development 
plans and budgets for a few years ahead. 

Thus assured of substantial State aid, the uni- 
versities and colleges have been able to provide for 
an increasingly large number of student-places, as 
Table H (</.r.) will show. 

For comparison, it may be added that the 
number of full-time students was 20,249 (1 in every 
1800 of total population of the country) in 1900-01, 
27,728 (1 in 1450) in 1910-11, and 48,452 (1 in 880) 
in 1920-21. There has thus been a much larger 
proportionate increase in the number of university 
students than in the population of the country. 
Even then the U.K. was lagging behind other 
advanced countries in the programme of university 
education ; for, while in 1934-35 the university 
student-population was 1 in 880 of total population in 
U.K., it was 1 in 808 in Italy, 1 in 604 in Germany 
and 1 in 480 in France. The number of university 
students in U.K. has since further increased con- 
siderably ; it was 51,622 in 1945-46, it is now about 
76,500 ; and it is hoped that the target figure of 
90,000 student-] daces in universities* -which is the 
estimated need for the country— will be reached by 
1955. 

It may be interesting to analyse the number of 
these full-time students to form an idea about the 
proportion of men and women students among them, 
and the number in different Faculties of the Uni- 
versities (Tables III to V). 


TABLE 111 

Proportion ok Men and Women Students 
(Full-time) 



i 

1 j 

Me n 1 

Women 

Year | 

Total No. - 


i 

— 

| 

— 

1 

| 

1 

No. 

% 

No. 

1 

1 

1 

o' 

/o 

1928-29 ... 

i 

44,309 | 

31,410 

70-9 

12,899 

! 

i 

l 

29- 1 

1934-35 ... j 

50,638 i 

38,406 i 

75 *8 

! 12,232 

1 

1 

24-2 

1945-46 ... ! 

51,622 | 

34,214 1 

66 ‘3 

i 

: 17,408 

1 

1 

1 

23-7 


TABLE IV 

Frru.-Ti.MK Students in different Faculties 



1923-24 

1928-29 

1934-35 

1945-46 

Arts 

18,981 

23,625 

24,143 

21,281 

Pirn* Science .... 

7,402 

7,377 

8,784 

9,309 

Medicine 

10,997 

8,387 

12,500 

13,210 

Technology 

(including Engineer- 
ing, Applied Chemis- 
try, Mining, Metnl- 
lurg\, etc.) 

4,709 

4,082 

, 4,369 

6,284 

Agriculture* 

856 

838 

842 

1,538 

Total 

(No. entering the Uni- 
versities for the first 

j 42,945 

i 

44,309 

50,638 

51,622 

time) 

1 — 

13, 000 

14,487 

— 


It is noticeable that there is a gradual, though 
slow, swing towards Pure Science, Technology, 
Medicine, and Agriculture after World War II. 
Among Advanced Students, the pi opart ion of 
students of Science has always been higher from the 
verv beginning of the period under consideration : 
(vide Table VI). 

The U.G.C. has so scrupulously respected the 
autonomy of the universities that it usually recom- 
mends for each university a block grant to the 
general income rather than grants for specific (im- 
poses or for particular departments, and the Uni- 
versity is left free to make its allocations of the grant. 


TABLE V 


Decrees obtained according to Faculties 



First 

t )egree 


Year 



- - -- 

II teller i 

Hons. 

Pass 

Degrees 

1928-29 

4,798 

3,867 

1,138 

1934-35 

5,544 

4,016 

1,363 | 

1 


Total 

| Arts 

Pure 

Science 

Medicine 

9,803 

! 5,646 

2,244 

878 

10,923 

i 5,924 

2,724 

j 

1,139 


Technology i 


m i 

1)98 


Agriculture 


147 

138 
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TABLE VI 


No. of FULL-TIME \DVANCKD STUDENTS IN DIFFERENT 

Faculties 



19^8-20 

1934-35 

Arts 

814 

1,153 

Pure Science 

886 

1,141 

Medicine 

100 

192 

Technology 

238 

325 

Agriculture 

44 

55 

Total 

2,082 

2,866 


But from tlic discussions with the U.G.C. at the 
time of its quinquennial visit, the university has a 
clear idea as to what parts of its programme were 
api>roved by the Committee and considered in arriv- 


TABLE VII 



Grants 

from 

Treasury 

Total 

Allocated to 
constituent 


Local 

An the.- 

grants 

(Recurrent) 

Parlia- 

mentary 

Colleges & 
Schools 


rities 


grants 


i 

£ 

£ 


£ 

Univ. of Durham 

a 

175,860 

175,860 

172,410 

Univ. of London 

142,140 

1,512,250 

1,654,390 

1,602,415 b 


a -Local Authority Grants were separately allotted to the 
University and the 2 constituent colleges. 
b =r Excluding Endowments & Subscriptions granted through 
the Central Univ. authority. 

Grants allotted to home individual institutions were : 
I T iii\ersitv College £212,640; Imperial College of Science 
and Technology- £232, 1 IK; School of Economies • 
£101,426; Bedford College — ,£80,841; Birbeck College— 
£71,463; King’s College — £144,085. 


University College 
Imperial College o 
Science & Technology 
School of Kconomies .. 
Bedford College 
Birbeck College 
King’s College 


TABLE VIII 

Incomes ok some Colleges and Schools ok London University 


For comparison, the figures for a residential University (for the same \ear) may be added : 
Cambridge Univ. ... 210,522 12,447 268,500* 00,684 3,528 232,270 




Grants from 

Other Par- 

Grants ior 




Endow- 

ments 

Donations 

Central 

Univ. 

Authority 

liamentary 
grants (Non- 
recurrent) 

Teachers in 
Training 

Tuition 

etc. 

Other 

income 

Total 

£ 

£ 

£ 

£ 

£ 

£ 

£ 

£ 

39,324 

3,368 

212,640 


4,659 

71,540 

M, 124 

345,655 

9,732 

11,050 

232,118 

29,077 



51,624 

9,352 ! 

342,953 

15,549 

2,324 

101,426 

— 

377 

42,345 

7,344 

169,365 

4,274 

2 

80,840 


8,118 

20,787 

1,193 

115,215 

1,036 

136 

71,463 

3,100 


1 1 ,876 

877 

88,488 

1,842 

1 

i 144,685 

2,507 

6,833 

43,834 

3,010 

1 

202,712 

1 


163,711 


081,671 


And those for two new University Colleges which came under the aegis of the U. O. C. in 1045 : 


Hull Univ. College 1 * 18,642 1,362 30,000* 1,379 1,660 

J Leicester Univ. College 9 7,670 282 12,000* 6,000 — 


4,105 4,356+ 61,513 

2,617 9,032.’,. 37,610 


1 Full time students-- 174 

8 „ „ -108 


* Grants through U. G. C. 


+ Includes Local Authority grants of £3,350 

t „ ♦ * „ ' „ WIO 


TABLE IX 


Expenditures ok Unversities 



Administration 

Departmental Main! 

cnance 



Capital 










Other 

expend. 





Teaching 


Library 

Total 

Maintenance 

Expend i- 

from 

Total 

Year 

Amount 

%of total 

Staff 

Lab. etc. 

Museum & 


of premises 

ture 

income 







Observ. 

. 

% of total 










Amount !%of total 





£ 


£ 

£ 

£ 

£ j 


£ 

£ 

£ 

1928-29 

453,735 

8-9 

2,594,844 

581,486 

164,731 

3,370,234 65-8 

1M 

563,697 

166,657 

5,122,937 





29,173 

| 



1934-35 

515,379 

8*6 

3,021,103! 

1 685,282 

228,784 

3,908,201 1 66'0 

i 

10 8 

670,457 

208,125 

6,012,741 



j 


33,032 


. 

. 

1945-46 

868,816 

90 

4,539,298 

1,337,849 

319,111 

6,227,920 ; 64-4 

121 

984,912 

419,943 

i 

9,980,006* 


i 



31,662 

j 




* Including £307,204 allocated to reserve, t 
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ing at the amount of the grant and for which further 
support might be expected in future. If (lie 
university appropriates the grant for other projects, 
it knows that it cannot hope to get further support 
for the same. 

Table VII shows how a University of the 
type of the University of London, allocates the 
total State aid and Local Authority grants among 
its constituent Colleges and Schools (the figures are 
for 1945-46). 

The incomes of the colleges mentioned in Note 
b, Table VII, were made up as shown in Table VIII. 

The heads and amounts of expenditure of the 
Universities have been tabulated in Table IX. 

It will be found that administration and mainten- 
ance of premises form 10 per cent each of the local 
expenses ; the teaching and library staff, library and 
laboratory maintenance form roughly two-thirds of 
the expenses ; while capital expenditure, students' 
amenities, examination, etc., are other items of 
expenditure. 

It would be desirable to tabulate the number of 
teachers in relation to student-numbers (Table X) : 

T A BIvE X 


, l 



1928-29 

1934-35 

Professors 

792 

855 

Readers and Asst. Professors 

332 

374 

Lecturers 

1,123 

1,391 

Asst. Lecturers 

810 

856 

Others 

202 

259 

Total 

3,259 

3,735 

Students 

44,309* I 

50,638* 


14,239+ 

13,412+ 

l 


* Full-time. + Part-time. 


In some of its earlier reports the U.G.C. strongly 
expressed itself on the utter inadequacy of the 
salaries paid to the junior staff, but not much has 
been done yet to rectify the same. The reports 
cover wide fields in matters academic, e.g., discus- 
sion of the question of status of teachers of different 
grades, and ways of increasing their efficiency ; and 
the diverse problems relating to the corporate life 
of students in universities, including students' ameni- 
ties and health service ; and the question of finding 


suitable employments to university-trained personnel, 
— to name only a few. These are not relevant to 
the theme of this article, but they provide ample 
materials for consideration by. administrators and 
academicians, and would no doubt be considered by 
the Universities Commission (see Science and Cul- 
ture, December, 1048 , p. 241) that has been set up 
in this country. 

Some of the points brought out by the above 
survey and Tables may be stated as follows : 

(i) The U.G.C. was created in Britain to act as 
a buffer between the Parliament voting grants for 
university education and the recipient universities 
and university colleges. The institutions have thus 
retained full academic independence even while 
receiving Governmental aid *011 an ever increasing 
scale. 

(ii) The Committee is composed only of academi- 
cians and experts, — there being no representation of 
the Parliament or of the Ministry as such, and no 
regional representation. 

(in) The Committee works by making direct 
contacts with constituent bodies, and it has thus 
been able to act as a co-ordinating and levelling-up 
committee. It has ensured that while every neces- 
sary subject is taught at some university, there may 
be an economical distribution of other ‘rare’ subjects. 

(iv) It reports direct to the Treasury and is thus 
independent of the Ministry of Education, which 
deals with primary, secondary and other forms of 
education, and Broadcast. 

(v) It must be realised that if a country is to 
maintain its position as a leading Nation of the world, 
it must ensure expansion of university education 
upto an estimated scale and the standard to be 
maintained should be not below the highest inter- 
national levels. For, it is from the university- 
trained personnel that the country must get its 
administrators, scientists, technicians, and leaders in 
every walk of life. In the long run it would be 
disastrous to Industry if it fails to get first-rate men 
for the direction of their technical staff. During war 
time the staff of the universities form the pool from 
which first grade men can be drawn for special 
research, for employment as officers or other pur- 
poses. In short, study and research on a university 
level is essential for the well being of a modern State 
in peace, and for its safety in war. Inevitably the 
State must come forward with an ever increasing 
share of the cost of university education. 


2 
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an Englishman, I appreciate the honour that 
lias been accorded to me and I can assure you 
that we shall do all that lies in our power to help 
and all the more because you in India now are 
independent and in the position to run your own 
shows and we are in the position of friends helping 
each other. I believe that the scientists of the world 
can in working together in friendly ways be even 
more effective than they have yet been in establishing 
a state of forbearance and order in the world, for 
they can see and point out what the important 
material problems are and can influence those in 
authority to ensure that such things arc done as will 
lead to prosperity and peace. In the south of France 
one often sees two Cypress trees planted together 
and if one aslcs the peasants why ? they will say 
"1/ AUTRE POUR LA PROSPERITE ; I/UN EST 
POUR LA PAIX”. 

T hope that the British science and Indian science 
can be two such trees. 

I want to say something about the work we have 
been doing in my laboratory on combustion, but 
before coming to that, may we first look at the world 
at large. 

Some years ago I tried to set down just what 
power was available to the world. 

Solar Energy and Power 

The earth, as Harold Jeffreys quoted in his 
important monograph (The Earth, Cambridge Uni- 
versity Press), is something humorous but lingering. 
It was born of the sun some 2000 million years ago, 
but it settled down to a mean surface temperature 
of about 287°C. not long (only iti 20,000 years) after 
its birth ; since then it has lingered on. The sun is 
not more than about twice as old as the earth and 
it radiates energy corresponding to 5*10 3R H.P., and 
only 2 x 10~ 3 of the corresponding energy reaches the 


• A full text of a talk delivered under the auspices of 
the National Institute of Sciences of India on 10th Sept., 
1948, in the University of Delhi. 

f Sir Alfred Eger ton, F.R.S., is a famous physical 
chemist who has made fundamental contributions to the 
subject. He has made study of the science of combustion 
as his life’s objective. As secretary of the Royal Society, 
he has rendered important public services to his country 
in peace and war-time. Recently he visited this country 
as Chairman of the Reviewing Committee appointed by the 
Government of India to review the workings of the Indian 
Institute of Science, Bangalore (See Science and Culture , 
14, 113, 1947). 


earth. The source of the energy (according to 
Bethe) is the nuclear reaction. The energy received on 

C 12 + H >C 13 +H A 

i I 

H + O 15 < N" + H 

I 

(O u ) +0+ 

I 

C 12 + IIe* 

(C“ acts as catalyst, for making four protons to com- 
bine into a helium atom. The excess energy, equal to 
about 26 million electron volts per reaction, sustains the 
sun as a source of energy). 

the surface of the earth’s outer atmosphere is 135 
million ergs per sec. per sq. cm. What happens to this 
energy? It goes in as radiation with intensity maxi- 
mum at about 0‘5/a, and it goes out as radiation 
reflected from the surface of the earth with maxi mum 
at about 10/4, the surface of the earth being main- 
tained at 287°C on the average. Of course, much of 
the radiation gets reflected back directly into space 
from clouds, part of it gets handed across within 
the atmosphere and in some parts of the earth very 
little of the ‘effective’ short wave radiation reaches 
the earth, but on some occasions and places J of it 
may get through and be absorbed by the earth’s 
surface, making possible provision of power equi- 
valent to about 1 II. P. per sq. meter of surface. You 
in India get a big share of this life-giving energy. 

I am not a meteorologist but nevertheless I think 
the tracing out of this radiative equilibrium in the 
atmosphere is a fascinating problem. vSome years 
ago the GASSIOT Committee of the Royal Society, 
started to study the problem intensively. I do not 
think there is yet agreement as to just what is 
happening. It is known that the quantity of ozone 
in the upper atmosphere (which has a maximum in 
the region at about 50 km. and is equivalent to a 
thickness of 3 mm. of ozone at atmospheric pressure) 
is controlled by a complicated series of photochemical 
reactions which are essential to maintain, the equili- 
brium. Studies of this kind are of great scientific 
interest but also of great practical importance 
because meteorology is basic to the applied sciences 
— agriculture, as well as navigation, and of funda- 
mental importance to prosperity. The new technique 
of radar has greatly added to knowledge of the 
upper atmosphere. Much information on thee subject 
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is collected in a recent book by S. K. Mitra.* This 
radiant energy works a great engine of 2 x 10 u H.P., 
the sun is the furnace, the atmosphere the working 
substance and space the condenser — within this great 
engine potential energy is converted to kinetic and 
kinetic back to potential, work is done here and heat 
is dissipated there. The sun shines on the seas, the 
rain falls on the mountains, the waters fill the 
streams ; they are trapped in a turbine, the lamps 
shine and heat is discharged again to the atmos- 
phere and so on. The rivers and streams of the 
world were estimated by Arrhenius to possess about 
4 times the energy of the coal consumed per year, 
(1400 million tons per year). Only about a tenth of 
the potential usable water power has yet been 
developed. 

Let us list now the sources of power : 

‘Effective* in-flow of solar radiation ... l*3xlO H H.P. 

Power dissipated by lighting ... 1 x 10* ,, 

Estimated potential hydroelectric power .. 3*2 x 10“ ,, 

Power corresponding to use of coal & oil ... 2 x 10'* ,, 

Power corresponding to radiant energv 

assimilated by plant life ... ... 3 x 10“' ,, 

There are other sources of power : 

(i) Tidal- -1‘5 * 10' 1 H.P. but very little of this 
can be used. 

(u) Wind power — ■ but owing to its fickleness it is 
difficult to use but might be applied more than it is 
at present. 

(Hi) Volcanic — is of only local interest. 

(iv) Nuclear source — popularly known as Atomic 
Energy, which lies in the future. 

But really the important source of power is what 
we get through the process of photosynthesis ; that 
gives us the peat and the wood we burn ; it gave us 
once our coal and oil. We are now consuming that 
all in 1000 years while it took 30 million years to 
lay down. What do we know about photosynthesis 
— we may know a little — I am told that out of every 
500 chlorophyll molecules only one is the active one 
in the assimilation process whereby the C0 2 is fixed 
and provides sugar etc. 6(CO a 4-H a O) — >C 6 H l2 O e 4- 
60 2 . The others though are all taking part, handing 
on radiant energy they have absorbed — but this 
fundamental process on which life depends, is not 
yet fully understood. I believe that under favour- 
able conditions only 1 /3000th of the solar energy 
falling on any considerable area of land is fixed by 
photosynthesis, the rest is absorbed as heat and is 
not utilised directly in growth, the light which falls 
on the green leaf may be absorbed with an average 
efficiency of about 1% but some plants may convert 
upto 6 or 7% of the energy. Some therefore have 
dreamt of improving this efficiency and that is worth 


* The Upper Atmosphere — Published by the Royal 
Asiatic Soclfety of Bengal, 1948. 


a lot of endeavour. The human being eats on an 
average 10-20 times the energy in the form of food 
that he performs as mechanical work but one worker 
on the land ought to be able to produce (on the 
average in Great Britain) food enough for 10.* So it 
is that population lends to increase and is limited 
by area of land, water and productivity of soil. 
Three quarters of the world's activity is in the gett- 
ing of food and fodder. Taken the world over, the 
total value of the cultivated products is 4 times that 
of all the other manufactured goods. Of the culti- 
vated products 88% is food and fodder, 12% oils, 
fats, waxes, hemp, cotton, jute, silk, hides, rubber 
etc. and the food has to provide man and animals 
with energy for muscular effort, the sum total of 
which is equivalent to perhaps 50 million H.P. The 
mechanical power continuously employed in the 
world is probably equivalent to something of the 
^ame sort of order of power. Estimates have been 
made of H.P. per head but they are often misleading 
as they refer to installed power rather than power 
continuously in use. This power is got mainly from 
coal (about 1/5 from oil and natural gas). The 
mechanical power supplements muscular effort at the 
expense of stored fuel and if it did not mean that 
more mouths have to be fed, it would make work 
easier and increase leisure. It does produce a .state 
of affairs such that a wider range of manufactured 
articles is available. 57% of the world’s other acti- 
vities apart from cultivation are for the getting of 
fuels for power and for heat. Products are derived 
by the aid of coal and upgraded into many different 
products — solvents, artificial textile materials, drugs, 
dyes etc., many of which are made more easily in 
this way than by (as it were) down-grading the pro- 
ducts of cultivation. (Acetone for instance is made 
more easily by synthesis than from wood distillation). 
Of course the right thing to do is to try to increase 
productivity per hour and find means to make as 
much power as possible out of waste vegetable culti- 
vation instead of using up our stored fuels. In India 
you rely on the ox to provide power for the village 
community purposes, but the H.P. he provides for 
an intake of quite high grade food is probably less 


•This is the figure in England and U.S.A. In India, 
owing to primitiveness of methods, not less than 70% of 
the population is dependent on land, and of this nearly 
80% (or 60% of the population) is busy in actual agricul- 
ture which includes food production, and raising of econo- 
mic crops. This work is done in the U.S.A. by just 1/5 
their proportion, i.c. t 12% of the population. While we in 
India, with 70% of our population in agriculture do not 
produce sufficient food for feeding all the mouths iu India, 
U.S.A. with only 12% produce plenty of food for their 
whole population, and for export of surplus. 

This shows the importance of a ‘Technological Revolu- 
tion * without which the political revolution which resulted 
in Independence, may mean nothing and may lead to chaos 
and misery. Science and Culture is preaching this doctrine 
since 12 years. 
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than might be got with engines using waste vege- 
table products adapted to village life. I cannot say 
how it would be best done, but the problem is there 
and I know you appreciate it. 1 have experimented 
with methane as a fuel for internal combustion 
engines alternative to petroleum fuels, and it is 
possible to get methane by vegetable fermentation. 
This might possibly form an approach to the prob- 
lem : but there are no doubt other possible ways of 
tackling the problem of how to give the cultivator 
a little extra power to help him in places where 
hydroelectric power is not easily available. The 
possibilities in India are great, you have a tremen- 
dous supply of water, any amount of sunlight and 
little need of tuel for warmth. We northerners, have 
to spend a ton and a half of coal per head per annum 
to supply warmth to keep us alive. 

In all this let us remember in tilling the land 
there is happiness eternal and a happy mean between 
machine and hand labour has to be found, with due 
consideration of the problem created by population 
increase. I have read or glanced through Bhore 
Committee's report and know that you are alive to 
this problem. 

To talk of engines ; sixty years ago Sir Charles 
Parsons was led to the invention of the reaction 
steam turbine by the need to increase the speed of 
torpedo boats, just as the speed of aircraft has led 
to the development of the gas turbine in these days. 
Whittle, a test pilot, knew the need to increase the 
speed of aircraft and sought to apply the jet principle. 
In any development of this kind there is first the urge 
for the solution of a broad practical problem in order 
to improve means, then the patient trial of ideas on 
quite a small scale and later, as results become pro- 
mising, the scale is increased and eventually success 
is achieved. 

Combustion 

My own interest in combustion came about more 
than 20 years ago through a short research carried 
out to find out for an oil company whether there 
was any other substance than lead tetraethyl which 
would act as an antiknock in Petrol engines. Gates 
and I found that antiknocks did not effect gaseous 
detonation, but that in ignition of a gas mixture 
they had great effect and were acting as negative 
catalysts. This led me to studies about combus- 
tion and the field of interest is quite inexaustible 
and many of the points which 20 years ago were out- 
standing are still not elucidated. For instance when 
lead tetraethyl is inhibiting the combustion of a gas 
mixture, does it act, molecule by molecule or radical 
by radical with the radicals in the chain of oxidation 
of the hydrocarbon ; or does it react because it is a 
particle of lead oxide of a certain minute size and 


gives a numerous small surfaces for the breaking of 
these chains of reaction ? Here is a physical problem 
of high interest. Dr Bimaldas Jain of the Delhi 
University and I have been working on this 
recently and it looks as if no single answer 
can be given to such a question because lead 
tetraethyl seems to prove particles of lead oxide 
whereas iron carbonyl seems to act as a vapour, 
radical by radical. Semenoff, the Russian physical 
chemist, who first introduced Christiansen's chain 
reaction theory into combustion chemistry to explain 
the oxidation of phosphorus has accepted the views 
of the breaking of the chains by the antiknock but 
considers that it is particle size that matters ; but 
this does not seem to explain the exceptional in- 
fluence of the chemical character of the antiknock; 
for particles of similar size of zinc oxide to that of 
lead oxide have no effect. We find that lead particles 
are nearly but not quite as effective as lead oxide 
particles ; as oxygen is present, in all the mixtures it 
is probable that the metal oxide is necessary for the 
inhibition. I have referred to this just to illustrate 
how an interesting practical problem leads one to 
fundamental studies. The substances which are anti- 
knocks have a specific effect in decomposing per- 
oxides and it is the peroxides which play an essential 
role in my view in most combustion processes. 

We have found recently, following Poljakow, 
that even in the low pressure explosion of hydrogen 
and oxygen if the products are suddenly cooled (by 
liquid air) that 30% of hydrogen peroxide is present 
in the condensed ice. This has been studied in 
detail and we found by absorption of monochromatic 
light in the region in which hydrogen peroxide 
absorbs, that the peroxide is formed not only at the 
surface from the combination of hydroxyl radicals, 
but also from the existence of exited H0 2 in the vapour 
state giving H0 2 + H 2 — ^H 2 0 2 + H and it seems 
the H 2 0 2 must exist for an appreciable time with 
energy in the rotational and vibrational degrees of 
freedom and then the energy is removed at the walls. 
We have now extended this study to methane ex- 
plosions, In that case we get ozone, hydrogen per- 
oxide and methyl hydrogen peroxide but no or very 
little formaldehyde, which has previously been con- 
sidered as an essential product. 

In the combustion chambers of turbo-jet engines 
there is always the difficulty of some iucompletion of 
combustion and loss of efficiency ; some of the oil 
which is sprayed in may not get burnt or is cracked 
and the cracked carbonised particles take longer to 
burn, or again intermediate products are formed due 
to chilling and do not complete combustion. Many 
of these difficulties have now been surmounted but at 
one time they were real difficulties. They led me to 
suggest that a promoter such as is used for promoting 
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combustion in Diesel Engines and reducing the delay 
before ignition, might lower the limit of combustion 
or increase the velocity of flames and so improve the 
combustion in the chambers of jet engines. Promo- 
ters such as ethyl nitrate were tried but had no effect. 
So we set to work to find out why, experiments were 
done on the effect of promoters and inhibitors on velo- 
city of flames and the limit compositions for propaga- 
tion of flame. We were led by the results to the view 
that, although these promoters effect ignition, they 
have little or no effect on combustion limits or velo- 
city of flames. (They had effects — quite large effects 
— but when their thermal contribution was taken 
into account, we found they were having little cata- 
lytic effect in modifying the oxidation reactions of 
the combustible with which they are mixed, as they 
do in ignition.) 

Imagine a stationary flame front with the un- 
burnt gases flowing at the same velocity as the flame 
travels, the burnt gases flowing away so that the 
flame front remains still. The gases ahead of the 
flame front are heated b\ the gas burning in the 
flame front and the old view was that the unburnt 
gas was heated to such temperature that the oxida- 
tion reactions auto-accelexate and burst into flame 
and so the flame front is maintained. Actually the 
hot zone ahead of the flame is only about 1/30 mm. 
thick and tile time available for the auto-iginition 
is only about 1/10,000 of a second. Now in ignition, 
delay times are considerable at atmospheric pressure 
and that alone makes the theory unlikely, add to that 
those substances which effect ignition reactions do not 
effect limits or velocity of flames, we find the theory 
still more unsatisfactory. Following B. Lewis, I 
think that flame is maintained by the radicals diffus- 
ing out into the unburnt gas ahead of the combus- 
tion zone — the flame, actually lights the unburnt gas; 
it is quite a different phenomenon from ignition pro- 
per. For instance, if petrol is injected into the cylin- 
der of a Diesel Engine, there is no flame to start the 
ignition and there is a delay period before explosion 
occurs. Addition of promoters then increases the 
rale of these prefiame reactions. That is an ignition 
phenomenon proper, and is different from flame i>ro- 
pagation which is not influenced by the preflame re- 


actions but only by the radicals in the flames. We 
have been investigating this and have now succeeded 
in getting a flat stationary flame front independent 
of wall effects by which means we hope to measure 
the true velocity of flames, a problem which by the 
bunsen burner or the soap bubble, or the tube method 
is rather difficult. Dr. Gay don in my laboratory has 
been studying flames at low pressure. If you have 
a wide burner, a stable flame can be maintained at 
the burner down to as low pressure as 1 mm. (for 
instance with acetylene). The flame thickness be- 
comes very much greater and so one can find out at 
what stage in the combustion the various radicals 
appear, for instance OH may appear before CH or 
before C~C, each of these giving characteristic 
spectra. From the spectra one can also determine 
the temperature of the radiators, the vibrational and 
rotational temperatures. In certain flames he has 
found that the rotational temperature corresponds to 
very high values, 10000° Abs., for instance in the 
case of OH in hydrogen oxygen flames at low pres- 
sure. In more recent work he has applied the Dop- 
pler's Principle and is measuring the translational 
temperature, so that although there is no tempera- 
lure equilibrium in a flame up to the maximum tem- 
perature, we have been able to measure the indivi- 
dual motion of some of the reacting radicals. We 
hope to learn more about flames and the freezing 
technique which I have mentioned earlier and this low 
pressure flame work are helping to provide this know- 
ledge. Incidentally I may mention Dr W. N. Vaidya’s 
work in my laboratory on the hydro-carbon 
bands which he discovered. Using deutero-acetylene 
he hopes to settle the constitution of the radical res- 
ponsible for these bands. What I have tried to stress 
iii this talk is the seeking out of the general problems 
which are worth wrestling with, and their following 
it into its scientific ramifications, never minding too 
much the practical issues. There is no hard line 
between applied and pure science and they foster each 
other. They are foster brothers and we scientists in 
all lands are foster brothers under Mother Earth — 
“ Sacred Goddess , Moth a Earth, thou from whose 
immortal bosom , gods and men and beasts have birth 
— leaf and blade , and bud and blossom ” 
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ARDASEER CURSETJEE* (1808-1877) — 

THE FIRST INDIAN FELLOW OF THE ROYAL SOCIETY 

R. A. WADIA, 

BOMBAY 


"VVTHEN the late Srinivasa Ramanujan, the well- 
known Mathematician and a genius in that 
branch of science, was elected a Fellow of the Royal 
Society, he was considered to be its First Indian 
Fellow. This belief continued to be held till Prof. A. 
V. Hill, the Secretary of the Society in his Address 
to the Press Representatives at Delhi in 1944 stated 
that the First Indian who had the honour to be the 
Society’s Fellow was Mr Ardaseer Cursetjee and this 
has led me to write -this short sketch of his life. 

From information gathered from the Secretary 
of the Royal Society it appears that Ardaseer was 
elected a Fellow on 27th March 1841. He was pro- 
posed by James Walker, seconded by W. Cubett and 
recommended by John Macmeille, James Horne, 
Josua Field, W. H. Sykes, Sir John Barrow, Admiral 
F. Beaufort and Sir Edward Sabine. 



Ardksehr Cursetjee 

The following Copy of Certificate received from 
the Secretary of the Royal Society is of interest: — 

"ARDASEER CURSETJEE ESQUIRE SHIP BUILDER 
OF BOMBAY lately in England having undertaken the 
journey of this country at his own expense in order to 
perfect himself in the knowledge of the Steam Engine as 
applicable to Navigation and to acquaint himself with the 
arts and the manufactories of Europe with the view of 
improving his own country and his count! y men, a Gentle- 
man well versed in the theory and practice of Naval Archi- 


* A brief sketch of the career of Ardaseer Cursetjee 
appeared in Science and Culture, 9, 338, 1943-44 (Ed. : 
$cl 6* CuL) 


tecture and devoted to scientific pursuits having introduced 
Lighting by Gas into Bombay where he perfected a small 
Gas establishment aided exclusively by Native workmen ; 
having also at liis own charge built a vessel of sixty tons 
to which he adapted a Steam Engine sent out from this 
Country, and manufactured and fitted every other part of 
the Machinery and navigated the vessel entirely with 
native workmen and Engine men, chiefly instructed and 
trained by himself; and having otherwise promoted 
Science and the useful art in his own country to which he 
lias just returned, having while in England obtained the 
appointment of principal Inspector of Steam Machinery to 
the East India Company, being desirous of becoming a 
Fellow of the Royal Society - 

We whose names are hereto subscribed of our personal 
knowledge consider him as deserving (4 that honour, as 
likely to become a valuable and usetui mcmlier -And we 
beg to recommend lnni from his peculiar situation, ami 
the proois he has given of nis desire to extend natural 
knowledge in India. 

Dated this twenty seventh day of March 1841,” 

Ardaseer belonged to the wellknown family of 
Eowjee Wadia who arrived in Bombay from Surat in 
the beginning ot 1736 as a Ship-Builder and iounded 
the Docks, and whose descendants continued to hold 
the post of Master Builder till 1885 when the post 
was abolished. 

He was born on 6th October 1808. His father 
Cursetjee Rustomjee (1788-1863) was Master Buildet 
in the Dockyard from 1844 to 1858. 

As regards his education nothing definitely is 
known but it is apparent that he must have received 
the best available at the time before he entered the 
Dockyard as an apprentice in 1822, when he was 
only 14. 

We learn from his own writing that about the 
year 1830 he began to study the theory and practice 
of Steam Engine and to devote much of his time to 
the study of Marine Engineering. W T ith the per- 
mission of Government he was placed under Capt. 
Me. Gillvary, the Chief Engineer of the Bombay Mint, 
where he worked for some time and acquired pro- 
ficiency in that branch of Engineering. To quote his 
own words “My enthusiastic love of Science now led 
me to construct unassisted, a small steam engine of 
about one horse power. I likewise endeavoured to 
explain to my countrymen the nature and properties 
of steam and to effect this I had constructed at a 
great expense in England, a Marine Steam Engine 
which, being sent out to Bombay, I succeeded with 
the assistance of a native blacksmith in fixing in 
a boat of my own building”. “ 
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This was the steamer “Indus” which was 
launched on 16th August, 1833, it being the first 
private steamer built on the Island, there being only 
one other steamer, the “Hugh Linsay” also built 
at Bombay for the Hast India Company by Nowrojee 
Jamsetjee, the Master Builder. The “Indus” was 
subsequently purchased by the Bombay Government. 

Ardaseer brought up the same native black- 
smith to manage this steamer and drive and keep 
in order the engine without any assistance from 
Europeans and to quote his own words “This faith- 
ful native has worked the boat upwards of five years 
without a single accident or injury to the engine”. 

The great interest Ardaseer took in the engineer- 
ing line led him to introduce Gas Lighting in Bombay. 
On 10th March 1834 he lighted his bungalow and 
gardens at Mazagaon with gas when the Governor 
of Bombay, the Karl of Clare, visited the scene. 
People from all parts of the town had gathered to 
see this novel experiment. So great was the crowd 
that it was with some difficulty the Governor’s 
carriage could pass. According to the Bombay 
Gazette of the 15th March, there were twentveight 
lights in the bungalow apart from a number of such 
lights in tlie compound. Before departing, the 
Governor, it is recorded, presented a Dress of Honour 
to the host. 

Ardaseer was also the first to introduce Steam 
Pumps on the Island. The Bombay Gazette of 15th 
Anril, 1834 wrote : 

“Wo li.'ive much pleasure in bringing to the notice of 
the public the ingenuity of a young Parsec gentleman of 
this place named Ardaseer Cursetjee. This young man 
lias for some time been engaged in studying works on 
steam machinery and gas and has in the progress of his 
experiment set up a small steam engine in his garden at 
Mazagaon which served to raise water from a well in his 
premises sufficient to supply a small fountain thereby 
demonstrating to his countrymen the great advantages 
which may be derived from the introduction of steam as 
a means of irrigating garden lands and improving the agri- 
cultural resources of the country.” 

It is to be remembered that at that time in con- 
structing the necessary machinery and articles, there 
was no foundry or means of getting such works pro- 
perly executed and yet the apparatus was found to 
be as complete as if the same was constructed in 
England. This led him to maintain a small foundry 
at his premises at Mazagaon in order to make him 
proficient in the foundry business. He made great 
many wrought iron tanks for ships, among which 
several were holding upwards of five thousand 
gallons of water. 

With the starting of the Elphinstone Institution 
in Bombay, professors in different branches of learning 
wete brought out from England and one of them, 
Mr Arlebar, Professor of Mathematics, became 


acquainted with Ardaseer. Witnessing his know- 
ledge in practical mechanics, Mr Orlebar applied to 
the Bombay Government to allow Ardaseer to assist 
him in instructing the students specially in mechani- 
cal and chemical sciences to which Government 
readily consented. 

By this time steam navigation had considerably 
increased and difficulty in carrying out repairs to 
steamers was experienced. It was noticed that few 7 
of the European engineers could withstand the 
Indian climate and a few others proved troublesome. 
Ardaseer was quick enough to realise the advantage 
of further studies in this branch of science. With the 
lofty object of giving benefit of his studies in England 
to his countrymen “in a branch of Science which has 
greater influence upon the interest of mankind, than 
all the discoveries of many past centuries”, he deter- 
mined to proceed to England to study Steam Power 
as an aid to the luxuries of civilized life. 

With this object in view he applied to the 
Governor, the Earl of Clare, to allow him to accom- 
pany His Excellency to England, but he was asked 
to wait for some time. He thereafter went to China 
for a change. 

In 1838, with the sanction of the Bombay 
Government, Ardaseer made arrangement to proceed 
to England but sudden illness prevented him from 
proceeding there. 

Next year, however, Ardaseer was able to carry 
out his wish with the sanction of the Government of 
Bombay. 

On September 12, 1839, he left his home late 
in the evening for 5.5. “Bernice” and went on board 
with Capt. Cogan of the Indian Niavy and the 
steamer left the shore early next morning. He had 
decided to go by the overland route and Suez was 
reached on 7th October. 

The overland journey is described very graphi- 
cally by Ardaseer in his book* published in England 
in 1841, and many interesting details are given 
therein, but it will be out of place in this article to 
note all but a few, leaving the reader to refer to the 
original. 

It is important to note the religious prejudices 
which then existed even amongst Parsees, the chief 
of which was to take food cooked by Parsees only 
and not to dine with nou-Parsees on the same table. 
Hence travel to England meant expenses not only 
for his own but also for the servants of his caste. 
Apart however from expense, it gave rise to other 
difficulties at times, mainly to find one’s own apart- 
ments cooking by servants. 

* “Overland Journey from Bombay to England” and of 
“A Year’s Residence in Great Britain” by Ardaseer Cur- 
setjee. 
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At Cairo, the author describes Ebram Pachase 
garden at JRorla “ wherein flourish all sorts of English 
fruits and vegetables together with the choicest East 
Tndia fruits**. The head gardener was an English- 
man named Me. Cullock, who had been in India to 
collect plants for the garden. 

The next place of interest visited by the author 
was Boolak, the Northern Harbour of Cairo, and the 
Cotton Mills. 

At Alexandria, our author could not find a 
.separate lodgement and had to stay in a room in a 
French Hotel in which no arrangement could be made 
to get his food prepared by Parsee servants and he 
had to satisfy his hunger by taking bread, butter and 
milk. It was ultimately arranged by the kindness 
of the French Cons.ul to have his meals prepared by 
a Parsee servant of a French boat. 

Here the author visited the dockyards and frill 
details are given of the different workshops and of 
ship building. He was offered a Government boat 
to visit the Egyptian Fleet and on reaching the first 
ship of the line, he was received on board with a 
military guard and band. 

Malta was reached on the 23rd October but the 
passengers were kept in quarantine for twenty days 
and were released on 12th November. 

Leaving that place on the 14th, he arrived at 
Gibralter on the 20th November. 

The author reached Gravesend on 2nd December 
and Blackwall the next day and on landing the first 
person to whom he paid a visit was that great friend 
of India, Sir Charles Forbes Bart at his residence 
at No, 9 Fitzroy Square, London. 

He went to India House on the 6th, and was 
introduced to the Chairman of the East Tndia Com- 
pany, Sir Richard Jenkins and to the Secretary, James 
Cosmos Melvill. 

On the next day, he went and saw Sir William 
Symonds, the distinguished Surveyor of Her Majesty's 
Navy for whom he had brought letters of introduc- 
tion for advice as to the future course of studies. 

With the approval of the Court of Directors, 
Ardaseer placed himself under the care of Messrs. 
Seawards, whose works being close to the Thames, 
afforded him additional advantage of seeing the im- 
provements in progress in the river and its banks. 

The Court of Directors granted a special allow- 
ance of Rs. 300 per month over and above his salary 
at Bombay during the period of his stay in England. 

Thereafter he worked energetically, devoting all 
his energy to acquire qualifications as a Marine 
Engineer and in allied lines in different factories, 
visited different dockyards and obtained high com- 
pliments from all under whom he worked. 


During his .stay in England, he made a number 
of calls on several retired Englishmen — men like 
Mounstuart Eiphinstone, Lord Clare, Rear 
Admiral Sir Charles Malcolm, General Briggs, 
Francis Warden and others. He had also the privi- 
lege of being introduced to Prince Albert, the Duke 
of Cambridge, the Duke of Wellington and the Duke 
of Argyll, the Marquis of Northampton (the President 
of the Royal Society), James Walker (President of 
the Institute of Civil Engineers), Sir Robert Peel, 
Sir John Hobhouse and others. 

When the address on behalf of the citizens of 
Bombay was presented to Sir Charles Forbes by a 
deputation consisting of the Right Hon. Sir Alexander 
Johnstone (the Retired Chief Justice of Ceylon), Capt 
Cogen and John Romer, Ardaseer Cursetjee with his 
two cousins Jehangir Nowrojee and Hirjibhov Mer- 
wanjee (who had also been in England to study 
further the art of Shipbuilding) was present by 
special invitation and Ardaseer was asked to read the 
address. 

Besides pursuing his studies in his particular 
subject, he got himself in touch with important 
institutions in engineering line. Within a weak after 
his arrival in England, he visited the Polytechnic 
Institute where he spent a good deal of his time in 
inspecting models of various improvements in 
mechanical science. Shortly afterwards his name was 
placed on the free list of members of the institute. 
He was also elected an Associate Member of the Civil 
Engineers Association. He was regularlv attending 
its meetings and had earned the good opinion of its 
President, James Walker. It was the latter gentle- 
man at whose request Ardaseer was invited to a Soiree 
of the Royal Society bv its President, the Marquis 
of Northampton at the latter's residence on 11th 
April 1840 at which he was introduced to his Lord- 
ship, Sir Robert Peel, the Duke of Argyll, the Duke 
of Buccleuch and several other members of the Royal 
Society. 

On 6th May 1840 he was elected a Member of the 
Society of Arts and Science and in September of the 
same year he was appointed a Member of the Mechani- 
cal Section of the British Association. 

There are a few other points of interest narrated 
in his book which may briefly be touched here as 
throwing interesting light on the author's ideas on 
some subjects. 

It was strict custom amongst Parsees never to 
keep their heads uncovered and so when on a visit 
to a friend's place he saw a young Parsee boy with 
his head uncovered, He writes : — “I was sorry to find 
so perfect a child as to have entirely forgotten our 
language and sit talking without a cap and his ser- 
vant (Parsee) doing the same.*’ 4 
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During his stay in England he never took his 
meals cooked by non-Parsees and on this account on 
more than one occasion he refused invitations to 
dinner from his European friends. He notes in his 
diary that on 25th January, 1840 Mr Bavley, the 
Deputy Chairman of the East India Co. inquired if 
his religion would permit him to dine with him and 
he replied with regret that it would not and again 
when Meerali, the Vakeel of the Raja of Satara, in- 
vited him to dinner he sent his cook to prepare his 
meals beforehand. For the same reason he had to 
refuse with regret the invitation of the President of 
the Board of Control, Sir John Hobhouse, and when 
Mr Walter, the Proprietor of the London Times in- 
vited him with his friend Mr John Seaward to pass 
a few days at his house, he accepted the same but 
sent his servant to prepare his meals. 

On visiting the Royal Mint, the author was 
“much disappointed as it was inferior to the Mint at 
Bombay.* * 

He was fortunate enough to be present on the 
occasion of the marriage of Queen Victoria on the 10th 
February, 1840 and saw illuminations of public build- 
ings in London which he describes as a truly splendid 
scene, “the most brilliant lights being jots of gas 
within coloured glass shades.** 

On a visit to the Governor of Greenwich Hospital, 
who was absent, he was received by Mrs. and Miss 
Flamming w hen the former presented him with a seal 
made from the wood saved from the wreck of the 
“Royal George.** 

He visited the Houses of Parliament on 29th 
June, 1840 when he saw r the ceremony of administra- 
tion of oath to a peer. Lord Keane and had an oppor- 
tunity to listen to the speeches of the Lord Chancellor, 
Lord Brougham in the Lords and to those of Mr 
Gladstone and Lord John Russel in the Commons. 

He was presented to the Queen at a Levee on 
1st July 1840. He writes “About 10 a.m. I called 
upon my excellent friend Sir Charles Forbes, who 
was kindly solicitous about my costume and that of 
my servants and about 1 p.m. Sir Charles placed his 
carriage at my disposal. We reached St. James* 
Palace and having waited for a short time I w as con- 
ducted to the Presence Chamber by Sir John Hob- 
house, and was formally introduced to Her Majesty, 
who w’as seated, Prince Albert standing on her left 
hand and the Earl of Uxbridge (Lord Chamberlain) 
on her right.*’ 

His views on some matters are of interest. He 
considered the drivers of cabs and other public 
vehicles “an imposing and insolvent set of men** who 
took every advantage, especially of foreigners and 
“another nuisance of London is the dirty state of the 
roads contpared with those of Bombay.** 

8 


Of shopkeepers and tradesmen he states: — “I 
cannot help remarking that they have generally an 
unfair practice of speaking against each other in the 
same line of business which is the cause of great 
embarrassment to foreigners as they cannot have 
confidence in dealing with them.** On 1st June 1840, 
lie received a summons to attend a Committee of the 
House of Commons to give evidence upon the opium 
question and gave it against the Opium Policy of the 
East India Company and he records with satisfaction 
that the same had apjuoval of that tried friend of 
India, Sir Charles Forbes. 

After completing his course of studies just when 
lie was thinking of leturning to Bombay, an adver- 
tisement appeared in the London Times in its issue 
of 10th July 1840, in which the Court of Directors 
invited applications for the post of Chief Engineer 
and Inspector of Machinery at the Steam Factory at 
Bombay. Thereupon Ardaseer applied for the post. 
After taking into consideiation a number of applica- 
tions received by them, the Court selected Ardaseer 
for the post— a no mean achievement for an Indian to 
successfully' compete for a post with Europeans in 
their own homeland when no facilities were available 
to Indians to acquire proficiency in science. 

Ardaseer returned to Bombay by the “Buckingham- 
shire** in the beginning of 1841 and assumed charge 
of his post on 1st April 1841. It is of interest to note 
that his appointment a< Chief Engineer and Inspector 
of Machinery in the Bombay Dockyard led the Bombay 
Times to raise its protest and the Bombay Gazette to 
applaud the action of the Court of Directors. The 
former wrote : --“We doubt the competency of a 
native, however able or educated to take charge of 
such an establishment as the Bombay Steam Factory 
with a body of English workmen to be directed, 
superintended and controlled by a native.** On the 
other hand the Gazette wrote : — “It is no small 
honour to the native community that the merits and 
abilities of this gentleman should have enabled him 
to carry off the prize from a multitude of competi- 
tors.** 

The significance of the remarks of the Bombay 
Times w r as due to the fact that Ardeseer w r as placed 
in charge of an establishment in which there were 
more than one hundred Europeans working under 
him.* The same authority stated that his path was not 
one of roses for a long time but his natural kindness 
soon* made him a favourite with all those placed under 
him as he meted out justice to all irrespective of 
colour or creed. 

He occupied the ucwv post till 1st August 1857, 
when he retired from service. 

His other activities may be briefly stated. 

* Minntes of Proceedings of the Institute of Civil 
Kngineers. (Vol. 51, pp. 271-74). 
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In 1837 lie was elected a Non-Resident Member 
of the Royal Asiatic Society of England. 

When the First Freemason Lodge — the Lodge 
Rising Star of Western India — was founded mainly 
through the exertions of Mr. Maneckji Cursetjee in 
1843, Ardaseer Cursetjee joined it with Aga Ali 
Mohomed Shustree, Ilaji Hasam Ishfani and 
Mohomed Jaffer. 

In 1850, lie was elected Vice-President of the 
Bombay Mechanics Institute. 

On 16th February 1851 he launched a steamer — 
“Lowjee Family” built by his son Rustomjee Ardaseer 
at the Mazagaon Dock. It was of 80 tons. The im- 
portant fact to be noted in this connection is that all 
the materials were manufactured at the foundry he 
had at his residence at Mazagaon. 

In September 1851, he went to England for the 
second time for reasons of health and with the per- 
mission of the Court of Directors visited a number 
of cities to see the different improvements in 
machinery. He visited America and selected various 
wood-cutting machines for the factory at Bombay 
under his charge. His great hobby was to introduce 
novelties in the city of his birth and thus he was the 
first to introduce sewing machine and show its work- 
ing and was foremost in introducing photography 
and electro-plating in Bombay. He returned to 
Bombay in 1852. 

In 1855, he was elected a Justice of the Peace. 

The Commander-in-Chief of the Indian Navy, 
Sir Henry Leeke in giving publicity to the acceptance 
of his resignation stated: — 

“The Commander-in-Chief cannot part with so 
valuable a Public Servant without an expression of 


the high estimation in which he holds the services of 
the Chief Engineer and Inspector of Machinery whom 
he has ever found ready by his influence and example 
to aid in various reforms of the Dockyard Factory.” 

The Court of Directors in their Despatch of the 
29th June, 1858 wrote:— “We have examined with 
great interest the Memorial of Mr Ardaseer 
Cursetjee in which are set forth his services for a 
period of 35 years in the Bombay Dockyard as well 
as the circumstances so creditable to himself, under 
which he obtained his qualification as ail Engineer 
and in 1840, while in this country, he competed for 
and obtained the appointment of Chief Engineer and 
Inspector of Machinery in your Steam Factory which 
appointment he has ever since held with the full con- 
fidence and approbation of three successive Com- 
manders-in-Chief of the Indian Navy. We have re- 
solved as a special case that lie be allowed a Pension 
Rs. 400/- a month from the date at which you have 
permitted him to retire.” 

An interesting fact to be noticed is that during 
the period of his employment in the Bombay Dock- 
yard his father was Master Builder and his two sons 
were also employed in the Builder's Department as 
juniors. One of his sons Rustomjee Ardaseer Wadia 
subsequently became Assistant Builder and retired in 
1885. 

In 1859 he paid a third visit to England. 

In 1861 he was appointed Superintending Engi- 
neer of the Indus Flotilla Co. at Karachi and remained 
there for about tw^o years and resigned on account 
of his health. He thereafter settled down at Rich- 
mond and passed the remaining years of his life there. 
He died on 16th November 1877. 
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SCIENCE IN WORLD WAR II 

BINDU MADHAB BANERJKK 

INSTITUTE OK NUCUAK I'HYSICS, CALCUTTA UNIVERSITY 


Introduction 

CINCK the beginning of this century, militarists and 
politicians have become increasingly aware of the 
importance of science and the scientist. The pheno- 
menally rapid improvement of the weapons of war, 
(beginning with the extensive use of the machine gun 
by the Japanese in the Russo- Japanese War), has 
influenced and in lact now convinced them, that 
without the backing of organised research on the 
development of existing weapons and inventions of 
new weapons, no major war can ever come to a suc- 
cessful and favourable conclusion. Battles can be 
fought with men, materials and heroism, but to hope 
to win a war without war research will seem too 
much to even a schoolboy in this age of science. 

( )RGAN1SAT ION FOR WAR RESEARCH 

The belligerents of World War II became consci- 
ous of the necessity of war research long before the 
actual conflict in August, 1939. Some of them, 
notably Germany, made extensive preparations and 
mobilized a large force of scion till c personnel for war 
research. As an illustration, we shall describe the 
German research organisation for Air forces. The 
activities of this organisation gave Germany unques- 
tionably the leading position in knowledge and quality 
of equipment in aircraft construction till the end of 
war, although it is well known that control of the 
skies was lost long before that. 

This German research organisation may best be 
described with the help of a chart given below. 



Kiri. 1. The German Research Organisation for Air 
Forces during World War II. 


The whole research force w as in charge of Reich- 
niarshall Goring, the supreme head of the air forces. 
The Forschungsfiihrung (abbreviated Fo — Fu) — re- 
search leading group — consisting of four leading 
scientists Prandtl, Gorgii, Seewald and Baumker, ac- 
tually controlled the research works carried on in 
eight research establishments under their guidance. 
Each research establishment was under a director who 
used to exercise administrative control over the 
several institutes in each establishment. Research 
work carried out in the institutes were autonomous 
and reported directly to Fo— Fu. Each institute was 


headed by an institute leader guiding a group of men 
that actually carried on the research and experimen- 
tation. Germany had a force of 6000 men working 
in these government owned research institutes in 
wartime. 

Besides the Forschungsf u hrung, there was the 
Reiclxforschungsrat (RFR) — the German research 
council. It was apparently created to co-ordinate 
research work in the Ilochuleninstitutes- -about 200 
research units in the different technical colleges as 
also the Kaiser Wilhelm -institutes. In this way the 
whole peacetime force was brought under govern- 
ment control and harnessed into war work. 

Germany had also many research laboratories in 
the different industrial concerns and of munition 
makers, some of which were very well equipped, had 
extensive research facilities, and employed very 
capable scientists. These also went in for war re- 
search under government contracts. 

The research department in Germany (even 
before the outbreak of war) constituted one of the 
most important and virile institutions, engaged con- 
siderable attention of the leading politicians, and 
consumed a good fraction of the governments income. 
Without it, Germany could not have become so power- 
ful militarily that it showed itself to be during 
World War II. 

Science of Destruction 

In this lecture on Science in World War II, an 
abstract discussion on war and its causes may not be 
out of place. It is said that war results when peace- 
ful methods fail. When politician administrators of 
two or more governments go on continually disagree- 
ing on certain important and vital matter or matters, 
when one, both or all of the parties become convinc- 
ed that negotiation and persuasion are of no avail,-- 
military operations, a show of force and an actual 
use of force becomes inevitable. The parties con- 
cerned, then try to overthrow the opponent by des- 
troying its military power, occupying important geo- 
graphical positions and seats of government, disrupt- 
ing civilian life and actually seizing governmental 
power. Destruction ami disruption precede and go 
on simultaneously with the occupation. Militarists 
usually consider it necessary to destroy certain 
buildings, factories, warehouses, transport centres 
and transport facilities, prior to the occupation of a 
certain important position. They also find it neces- 
sary to break the morale of the enemy by killing a 
good number of the opponent's military and civilian 
personnel. However this killing frequently comes 
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as a bye-produet of destruction and some killing must 
be committed to facilitate occupation as the defend- 
ing party seldom vacate or disarm itself unless a good 
number of them are actually killed and injured. 

Scieiitihc knowledge has been widely applied to 
all” fields of military operations of which the main 
are (a) destruction and killing, (b) transport, (c) 
communication, (d) reeonnoisance. Destruction and 
killing is usually accomplished by causing explosions 
inside or setting lire to the eneniys, establishments. 
In the main, these are done by shells fired from guns 
and bombs let down from aircraft. Lately Rockets 
have in a great measure supplemented and extended 
the scope of operation of these weapons. The chief 
aun of these weapons to hurl destruction at a dis- 
tance. In modern warfare it is impractical to ap- 
proach too close to the enemy in as much as both 
the parties possess weapons whereby they can kill at a 
distance. The Held guns and machine guns were the 
chief weapons for land warfare in World War I and 
their immobility led to the trench deadlock. The 
use of tanks and aircraft as a carrier for these weapons 
in World War II converted the trench war of World 
War I into the tank war of World War II. A war of 
patience and sniping melted into a war of action and of 
movements in which the rifle went out of the picture 
to make room for the tank destroying bazooka rocket. 
Destruction by bombs let clown from aircraft far ex- 
ceeded that ever done before by shells. Infantry 
advanced under cover of an air umbrella, behind a 
spearhead of giant tanks firing heavy calibre shells 
while the defending party tried to put forward tanks 
for tank destruction and men in pillboxes and dug- 
outs fired shells from guns and a few dare-devils in 
foxholes occasionally came out to fire a bazooka 
towards an enemy tank passing close by. Attacks 
were followed by counter-attacks instead of mere 
defence and warding off the attack. The lighting 
tactics were completely revolutionized. 

The chief weapons of World War II, were guns, 
bombs, and rockets. In laud warfare, they were used 
from tanks, armoured cars, aircraft and also by the 
foot soldier. The actual weapons were self-propelled 
guns, guns of tanks and armoured ears, mortars, 
bombs let down from aircraft, bazooka rockets and 
hand grenades from foot soldiers, rockets fired from 
tanks, armoured cars and army vehicles and rockets 
fired from aircraft. A party retreating from a parti- 
cular position could make use of land mines — a class 
of pressure-actuated bomb planted inside the earth. 
Automatic weapons — sten-guns, bren-guns and 
machine guns, were also used for close range attack 
and defence. However, they saw limited use in this 
war. The rifle was perhaps only used by the few 
ill-armed guerilla soldiers and its bayonet by sentries 
for enforcing military rule in a territory under occu- 
pation. 


The chief weapons for naval warfare, were the 
guns, torpedoes, bombs and mines laid in strategic 
positions. Aircraft became the chief means of deli- 
vering the attack, by means of bombs and torpedoes 
let down from them and guns were less frequently 
used. The fleet became seriously vulnerable to bomb- 
ing and torpedo attacks from aircraft and as a coun- 
termeasure must be protected by a naval air fleet. 
Major operations were almost always between air- 
craft and the fleet, aircraft of one party trying first to 
destroy the aircraft carriers of the opposing party 
which were protected by the massed anti-aricraft 
guns of the whole fleet. Radar came to be used 
almost from the beginning of the war as a detecting, 
range-finding and tracking instrument for gun fire 
control, torpedoing and even bombing. Tile optical 
range Under became obsolete and the optical tracking 
instruments relegated to a stand-by duty. Naval 
operations became more frequent in night time and 
bad whether seemed to be no obstacle to a successful 
operation. 

In this World War II, important landing opera- 
tions took ] dace. The navy of the defending party had 
first to be destroyed, defeated or kept engaged by the 
navy of the invading force, when troops and equip- 
ment from merchant shipping were landed on ordi- 
nary sea beaches by the use of special lauding craft 
and appliances and equipment converting the beach 
into a temporary harbour. Lauding operations have 
to face vigorous resistance from the defending land 
and air forces and cannot hoj>e much success unless 
the latter is also completely overpowered. 

As in World War I, Germany’s submarine force 
gave a different and interesting kind of naval battle. 
The chief task of the navy is to keep sea routes open 
for the shipping of one’s own country while closing 
it for the enemy. A country having a powerful navy 
therefore tries to engage the enemies’ navy and des- 
troy it completely at the beginning of the conflict. 
The inferior navy in that case always try to evade 
major engagements and is used only to escort mer- 
chant shipping sneaking sup] flies at opportune 
moments. Germany used submarines chiefly to des- 
troy allied shipping without giving light to the allied 
navy. The submarine could easily evade attacks from 
the escorting force, because it is very difficult to 
detect and destroy. The submarine destroying weapon, 
depth charge, is a water blast bomb. It has 
very little aim and a comparatively short-range. The 
weapon of the submarine, the torpedo has a greater 
range, a much better aim and a great destructive 
power. However micro- wave radar used from air- 
craft, ultimately spelt doom of the submarine manace, 
by making available a vastly improved method of 
detection for the submarine. The submarine menace 
to merchant shipping was overcome, but the sub- 
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marine still remains an useful unit of the navy, ap- 
plicable under difficult circumstances, to a variety of 
uses. 

To come to the description of the nature of aerial 
warfare is to come to a subject which is the most 
important contributing factor in revolutionizing mili- 
tary tactics, and also giving the common man in his 
home, far way from the actual warfield, a taste of 
modern war. The development of tanks, aircraft 
and radio communication enabled the lighting forces 
utilize military tactics immensely superior to that of 
World War 1. The great military successes of Ger- 
many are mostly due to an intelligent application of 
this new tactics about which her opponents were 
quite innocent in the beginning but learned quickly. 
Aircraft and radio hah been extensively used in this 
new tactics of warfare and its application even modi- 
fied the old conception of military strategy. It is 
perfectly possible — liow-a-days to destroy enemy 
establishments 500 miles inside the enemy territory. 
It is possible to regularly supply a good sized en- 
circled force so as to maintain their lighting capacity 
for an indefinite period of time. Aircraft gave in the 
hand of the military an extremely mobile piece of 


artillery and a very effective means of transport, rc- 
connoisance and spying. 

The parties in conflict, in a modern war v\ ill 
first try to establish air supremacy, and a series of 
air-raids with important airports and adjoining towns 
as objective will surely occur. In course of intercep- 
tion, bitter dogfights will be fought, and a large 
number of aircraft and aircraft personnel will be lost. 
Ultimately the control of the air will go in the hands 
of the victorious party who will then concentrate on 
destroying important towns, transport and production 
centres, seriously hampering the country’s war effort. 
The army of the victorious party will advance and 
their operations will be closely supported and supple- 
mented by aircraft. Another series of air fights may 
occur at that time, and the defeated parties’ air force 
will be thoroughly maimed. The defending partics- 
and for that matter, both parties will, make exten- 
sive use of servo-controlled Anti-Aircraft guns (and 
Rockets) aided by computing gun directors. Radar 
will be used quite extensively but in general supple- 
mented by optical tracking instruments, search-lights 
and infra-red search lights. It is too easy to fool a 
radar now-a-days ! 

(To be continued) 


INDUSTRIAL HEALTH— ITS GROWTH AND APPLICATION 

IN INDIA— A REVIEW 

C. V. SABNIS 

DEPARTMENT OF INDUSTRIAL, hygienic, AM, -INDIA INSTITUTE OK 
HYGIENE AND PUBLIC HEALTH, CALCUTTA 


‘ JNDUSTRIES in India are now of such an 
importance to her economic welfare and world 
competition has become so keen that it is necessary 
for Indian industries to be conducted on the most 
efficient basis possible. To achieve this, conditions 
and factors detrimental to the health of the worker 
must be eliminated.” Fifteen long years have passed 
since the Royal Commission on Indian Labour made 
these remarks (14). Factory acts were subsequently 
modified and extended to improve the lamentable 
conditions, our industries then presented. Neverthe- 
less and with a few notable exceptions, the picture has 
remained essentially the same. The Health Survey 
and Development Committee appointed by the 
Government of India in 1944, were so forcefully 
struck with the gravity of the problem that they have 
re-emphasised the urgent need of an Industrial or 
Occupational Health Service to tackle the problem 
of the i&provement of the health of industrial workers, 


and the problem of the health of the worker has 
thus once again been prominently thrown on the 
canvas of our post-war plans. (15). As an introduc- 
tory to planning in India it may be worth reviewing 
the growth of the Industrial Hygiene in more indus- 
trialised countries. 

This note is a brief survey of the historical growth 
of industry and particularly the industrial revolution, 
its consequence and reaction, the legislative counter 
action and finally the rise and present status of the 
industrial health and hygiene movement in the 
western countries especially Great Britain and U.S.A., 
the two most industrially advanced countries of the 
modern world. 

Thk State and Industry 

Industry is an all comprehensive word including 
in its fold all types of human productive labour. Since 
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the dawn of human civilization, man lias endeavoured 
to modify his environment to his needs and unlike 
the other animals bis intelligence and creative effort 
have been unceasingly directed for the attainment of 
this signal purpose. The horizon of his creative effort 
or productive labour has continued to expand as his 
intelligence lias developed. Industry has thus 
always been the barometer of human advance. As 
mankind passed through various stages of evolution, 
beginning from the stone age to the modern age of 
machinery and electricity, his progress has been 
marked by a corresponding improvement in his in- 
dustrial effort. The primary function of industry has 
always been to help man in his struggle of existence 
either against the wild animals of the jungle or his 
human competitors or against the elemental forces of 
nature, the former through the production of im- 
proved methods of offence and defence, the latter 
through the provision of food, cloth and other 
necessities to enable him to lead a sheltered and com- 
fortable life. Raison d'etre of industry is therefore 
the wealth, health and happiness of mankind. 

Organised Government and industry are the two 
facets of society aiming at and working for this 
ordered progress, welfare and safety of mankind. 
The value of industry in relation to its effect on the 
worker and through him on the society of which he 
forms a part is and ought to be therefore a matter 
of intimate concern to the vState as the custodian of 
social interests. Under the existing capitalistic 
structure of society, where the right of private pro- 
perty has come to be regarded as sacrosanct, this re- 
lation is often lost sight of. At every grave crisis 
however, whenever the very existence of community 
of nation is jeopardised as in the last world war, 
the State is compelled to take over at least temporary 
control of industries from private ownership, proving 
thereby the normally latent relationship between the 
two, the State and industry. 

The worker in industry is the most essential 
wheel in the industrial machinery and therefore 
maintenance of the health of the industrial worker 
is one of the primary obligations of every State, capi- 
talistic or otherwise. 

Industrial Development and its Consequence 

Industry in its present form is but a growth 
of the last three centuries. In ancient times the 
production of various commodities was done on a 
modest scale, sometimes as a cottage industry but 
mostly in the houses of the skilled workers them- 
selves. Thus before the textile industry for instance, 
assumed its present factory form, spinning and weav- 
ing was done either in the weaver's cottages or in 
the house of a small master, who acted for a group 
of workers, often as their selling agent. The black- 


smith, the goldsmith, the carpenter or the builder, 
catered individually or jointly to the needs of the 
village or a group of villages. Life was, on the whole 
cheap, the worker earned enough for his humble 
needs, and often had his own patch of land, which 
served as a subsidiary source of income for his main- 
tenance. Population was less and by the very nature 
of production more evenly distributed. As a result, 
the worker lived an open-aired contented, healthy 
life, often in his own hut, with local ties and local 
interest. (4). 

This more or less was the picture of Man's in- 
dustrial activity from the beginning of early civili- 
zation to about the seventeenth century. The first 
half of the 18th century gave a fillip to industrial 
development in England and the West. About this 
time water power and later on steam power was 
successfully harnessed for industrial purposes and 
resulted in a concentration of industries in those area 
where water and coal were plentiful. As a result, 
the geographical distribution of population began to 
change and assume its present form. This change 
occurring in England, America and other western 
countries in the 18th century, is noticeable in India 
during the last fifty years. The great inventions 
which followed in quick succession completely swept 
off the .small scale producer or manufacturer of the 
former times. The inventions of Darbys, Cort, 
Wilkinson and James Watt revolutionised the iron and 
steel industry, while those of Kay, Hargraves, Ark- 
wright and Crompton gave tremendous impetus to 
textile production (7). Gone were the blacksmith and 
the carpenter, the weaver and spinner with their 
traditional associations with almost every village. 
In their place came the factories with their gigantic 
organisation and production situated at places con- 
venient for production but not for population. These 
drew their labour force from widely surrounding 
areas, from amongst the population, most of which 
so long had been either small scale producers or semi- 
independent workers but who, no longer able to 
compete with the factory induction and deprived of 
their living, had to enter the same factories as 
ordinary labourers. Such factories also created a 
demand for the labour of women and children who 
owing to the introduction of machinery were now 
able to perform work which had formerly required 
the physical strength of a man. The employers too 
preferred such labour since in addition to being 
cheap, it was also more amenable to control. The 
result of all these mechanical and power inventions 
was thus a wholesale migration of population from 
the depressed villages to a few of such industrial 
towns. 

The towns which in consequence sprang up were 
unable to cope up with the new problems created and 
their uncontrolled growth made them hedious and 
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squalid. In the absence of proper direction and con- 
trol each city where the factories were congregated 
was full of filthy houses and dirty slums. Because 
of the sudden rush of population, the avaricious 
landlords converted every available space including . 
dilapidated old structures into dirty tenements and 
rented them to needy workers where children, 
women and male workers lived in filth. Such tene- 
ments, in which the poverty stricken, ill-clad and 
half famished workers were forced to live were always 
dangerous centres of infection both for the inhabi- 
tants and the general population, since all types of 
disease - moral and physical effected their inmates (12). 
Conditions in the factory were not better. Long 
working hours, low wages, insanitary and unhygienic 
conditions and stifling working atmosphere were the 
common lot of the poor industrial worker (5). And 
above all, apart and unconcerned with it, stood the 
slave driver, the acknowledged property holder and 
the owner of the industry, interested in making 
profits and bigger profits. 

The growth of industry has thus progressively 
changed for the uorsc of the condition of the indus- 
trial worker. Some of the contributory factors for 
such a state of affairs, for instance, the proverty and 
uncleanliness, existed even before the rise of modern 
industrialism. Industries however brought about 
acute congestion, deplorable living and working 
conditions and thus greatly accentuated the effects of 
poverty and insanitation. 

Counteraction 

From the earliest times therefore industry has 
been more or less and directly or indirectly respon- 
sible for creating conditions adverse to or otherwise 
affecting the health of the community in general and 
its votaries in particular. It is only recently however 
there has been a due appreciation of the important 
role which the industrial worker plays in the struc- 
ture of human society. Sincere attempts or serious 
effort to alleviate his suffering or improve his lot 
are therefore of later origin still. 

So long as society is based on a system of slavery 
and exploitation, such attempts are either non- 
existent or superficial. Gibbon has recorded the re- 
volting conditions under which workers and slaves, 
particularly the galley slaves, had to work in the 
ancient states of Rome and Kgvpt (8). The utmost 
that was done was to protect his life as a part of 
his master's property. When slavery , is abolished 
and the worker become a free citizen, he becomes 
entitled to State protection. In practice the actual 
realisation of this was not achieved till the 19th 
century and in the wide interval that prevailed he 
was reduced to a condition worse than slavery itself. 


All the laws that were passed during this period were 
either in the owner's interest and if exclusively in 
the interest of the workers, were either ignored or 
exploited by the owner of the industry to his own 
ends and often with the connivance of the State. 
vSueh was the famous ordinance of labour passed in 
England in 1399 compelling the worker to work on 
fixed low wages. Such too were the statute of 
apprentices and the ‘Poor law' passed during the 
reign of Queen Elizabeth. (10). 

The first sincere attempt in the interest of the 
industrial worker, was the so-called ‘Health and 
Morals of Apprentices' Act of 1802 requiring the 
ovyners of the cotton and woolen factories to improve 
the working conditions of the apprentices and limit- 
ing their age and working hours (3). This act may 
be said to be the beginning of the present factory 
legislation. The names of Robert Owen, Lord Ashby, 
Sadler, Cobbctt and Whiley are closely associated 
with the nineteen tli century struggle and efforts to 
improve the working conditions and the lot of the 
industrial worker through factory legislation. Each 
advance had to be gained in the teeth of opposition 
from powerful vested interests. Roval Commissions 
had to be appointed to institute enquiries into the 
labour conditions in industry. Even when laws were 
passed the employers either ignored them or 
manoeuvred to circumvent them and in 1833 factory 
inspectors were appointed by the State in an attempt 
to keep a direct check on such industries. (19). 

Indescribably hard and revolting conditions also 
prevailed in the English mining industry. It re- 
quired a century and a half of legislative effort and 
the appointment of several Royal Commissions and 
Health Committees, 1842, 1864. 1909, 1914, 1918, 
following the investigations of Orcenhow (6) in 
England and of Mavrogardatto (11) in South Africa, 
into the evils of miners* diseases particularly silicosis 
to awaken the State to the existence of the grave 
menace that threatened its basic foundations. Various 
mining acts have gradually been introduced strictly 
prohibiting the employment of women and children 
underground, increasing the permissible minimum 
age of working, controlling the working hours, im- 
proving the general working conditions in the mines 
and making the owner responsible for medical and 
compensation to the workers in case of accidents and 
diseases. Introduction of Industrial Health insurance 
during the last two decades has further served to give 
security and protection to the worker and his family, 
which is their due from the community or the 
State (9). Finally at the instance of the Government 
Sir William Doveridge (2) has recently framed a com- 
prehensive social security scheme for the worker and 
the present Labour Government in England hopes 
to put it into operation at an early date. 
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Industrial Health and Research 

The legislative and State effort for the control or 
amelioration of working conditions and health of 
the worker was half-hearted and desultory except 
during the 20th century. Interest in the subject of 
industry and health can however be traced back to 
the days of antiquity. Greek philosophers like 
Aristotle, Plato, Hippocrates, Herodetus and others 
had made a reference to the subject in their writings. 
In the middle ages various authors like Ellcnbog 
(1475), Agricola (1556), Pause (1614), Stockhausen 
(1656) and others had also left a record of their 
observations on the effect of fumes and gases of 
various kinds on industrial worker. Credit for the 
first scientific and critical observations and record of 
the effects of industry or occupation on health how- 
ever goes to an Italian Bernadina Ramazinni, aptly 
called the father of Industrial Medicine. In 1700 
he published his comprehensive treatise ‘De Morbis 
Artificum Ditribe* dealing with the occupational 
diseases of practically all known contemporary trades. 
The next important contribution to the subject was 
that of Charles Turner Thackrah who in 1831 
published his survey of the health conditions in 
different industries and occupations. The French 
contribution during this period was the founding of 
the first industrial health journal ‘Les Annales d* 
Hygiene* in 1821 and contributions by various 
workers, r.g., Dcsayrc (1956), Oliviere (1561), 
Bergeron (1861) and Dolpoch (1863) (17). 

The dawn of the 20th century gave real impetus 
to the study of industrial health problems. The first 
decade saw important contributions on 'The Danger- 
ous Trades -of Occupation* by Sir Thomas Oliver 
(1902 and 1908) and on the ‘Effects of Gases and 
Dusts of various types* by Sir Leonard Hill and 
Haldane (1912) in England. The World War I 
brought to the forefront the need of the maintenance 
of industrial output and efficiency and the consequent 
importance of the health of industrial workers, 
especially for the combatant nations. In England 
this led to the appointment of the Health of Munition 
Workers* Committee (1915). Their recommendation 
was followed by the establishment of the Industrial 
Fatigue Research Board, later on designated Indus- 
trial Health Research Board to promote and direct 
physiological and health research pertaining to in- 
dustries and to make available their findings to the 
worker, the employer and the State (13). 

In IT.S.A. the trend of industrial health activities 
lias been similar though on a more extensive scale. 
The U.S. Bureau of Mines, the U.S. Public Health 
Service, the XI. S. Department of Labour, the American 
Medical Association and different universities have 
all carried on important studies on the effect of in- 


dustrial environment and conditions on employees, 
correlating these with diseases in many cases. 
Through their effort various conferences and sympo- 
siums have been held on industrial diseases and parti- 
cularly silicosis which occurs with great frequency 
amongst the dust inhaling workers. The associations 
publish voluminous literature and thus help to educate 
the worker, the employer, the society and the 
authorities in problems connected with the main- 
tenance and safeguarding of industrial health. The 
subject has now assumed such an importance in the 
public eye that to-day over thirty Bureaus of Indus- 
trial Hygiene, innumerable industrial Hygiene Com- 
mittees and medical societies exist for the pursuit of 
industrial health research. These have been started 
through voluntary effort and co-operation by the in- 
dustrial concerns and the various States. 

Realising the importance of the subject, Harvard 
University was the first in the world to include in 
1918 in their curriculum, a regular postgraduate 
course for health personnel in a industrial hygiene 
and medicine and one after another, the other 
American universities have followed it. Gradually 
also has come the realisation that the health of the 
worker is not only an asset for the community or 
nation but a business proposition for the employer 
too, since a healthy working class means higher 
industrial efficiency and better outturn. Concrete and 
tangible evidence of this changed outlook was the 
establishment of the Industrial Hygiene Foundation 
of America (1935), a voluntary association of Ame- 
rican industrialists for the betterment of the working 
conditions and health of the industrial population. 
Industrial health insurance has also played a notable 
part in the improvement of the industrial health. 
Amongst the activities of various such insurance 
companies are the free dissemination of health litera- 
ture, offer of free nursing service and medical advice 
as also health demonstrations and exhibits. Finally 
the mutual interest of the employer and the employee, 
of the former because of the various penalties and 
compensations he has to pay and his desire for getting 
maximum outturn, of the latter because of the better 
health and income he can enjoy, have led to the 
establishment in Britain and America of hundreds of 
industrial and mercantile health services, which keep 
a keen watch on the health of industrial workers. 

In India industrialisation is only a matter of the 
last fifty years. Profiting from the experience of 
other countries, Government has already made a 
start in tackling the problems of industrialisation 
before they assume the alarming proportions which 
they did in the other countries. Factory acts have 
been passed to improve the labour conditions and 
protect the labour. A few enlightened employers 
like the Tatas here also cooperated in offering free 
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medical and some sort of sickness benefit schemes. 
A Royal Commission presided over by Sir John Whit- 
ley was appointed in 1931 to go into the condition of 
Indian labour. This has been followed recently by 
the appointment of Labour Investigation Committee 
(1944) with a view to provide adequate material on 
which to place a policy of social security for the 
labour (16). The health of the industrial worker also 
formed an important aspect of the survey by the 
Health Survey and Development Committee. The 
Government has also before them a scheme for the 
health insurance of industrial workers. (1) 

The investigations of these various committees 
have shown that our position in respect of industrial 
health is as yet extremely unsatisfactory. The work- 
ing, the hygienic and environmental conditions in 
most of our industries and particularly the unregu- 
lated factories continue to be highly deplorable and 
with a few exceptions, medical aid for the workers is 
conspicuous by its absence. There is also an urgent 
need for investigations and research in the health 
problems peculiar to Indian industries and applicable 
to Indian conditions. Much leeway has yet to be 
made tip to come up to the standard achieved in 
other countries. In view of the increasing impor- 
tance of our industries in the present and particularly 
during the post-war period, intensive and extensive 
effort will have to be made to improve our indus- 
trial efficiency and hence the health of our workers. 

The subject by itself however deserves an exhaus- 
tive treatment and will be treated in a separate 
article. 

Conclusion 

At present high mortality, fatigue, sickness, 
disease and invalidity are common in all Indian in- 
dustries and modern research has revealed that these 
occur due to causes which are remediable or pro- 
ven ti'ble. Industrial community forms perhaps the 
most important bulwark of every nation. For a 
nation to prosper and be strong, her industries must 
prosper and be efficient and for the industries to pros- 
per, the industrial worker, who forms the central link 
in the chain, must be healthy. Regarded from a 
humanitarian, economic, social, public health or 
national point of view, industrial medicine and hy- 


giene either as a social or State effort to improve 
the health of the industrial population — must there- 
fore take a high precedence in every nation’s and 
particularly India’s agenda for post-war plans. 
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3 1 ST ANNIVERSARY MEETING OF THE 
BOSE INSTITUTE 

Tiik 31st Anniversary Meeting of the Bose 
Institute was celebrated on 30th November 1948, 
when tile Tenth Acharya Jagadisli Chandra Bose 
Memorial Lecture was delivered by Prof. K. N. 
Bald, I). Sc. (Oxon.) oil ‘Recent advances - in our 
knowledge of Nerves’. Prof. Bald who had flown 
back from Beirut where he went to attend a session 
of the UNESCO meeting as member of the Indian 
delegation, first paid his homage to the memory of 
that great man who had not only a genius for delicate 
experiments with instruments specially designed by 
himself, but he also had the gift of masterly exposi- 
tion of his scientific work to large audiences. The 
lecturer recalled the vivid impression which had been 
made on him when as a young student he had 
attended Acharya Bose’s lectures at Lahore, Lucknow 
and Oxford. The last one was given in 1920 before 
a large enlightened and appreciative audience, in the 
magnificent lecture hall of the University Museum 
and was presided over by Prof. Vines, Acharya Bose’s 
former tutor in Cambridge ; Prof. Bahl had the pri- 
vilege of assisting in the lecture. The lecturer gave 
a very interesting non -technical account, which was 
illustrated by two experiments and a large number 
of lantern slides of the present day knowledge of the 
role of the nerves in the human body. He discussed 
the mechanism of transmission by the nerves of 
stimuli received from the external world or from 
inner organs as excitation current, how it is tran- 
smitted across nerve synapses and ganglions to the 
brain and from there how it releases another set of 
impulses which are transmitted by motor nerves to 
the effect or muscles. 

In this connection he gave an account of the 
discovery by Loewig of a chemical mediator acetyl 
choline which is released at nerve endings in muscles 
and the subsequent experimental investigations which 
led to the hypothesis proposed by Nachmansohn and 
his fellow workers, of the role of the same chemical 
substance in the transmission of excitation in the 
nerve itself.* 

In the report presented to the meeting, the 
Director, I)r. D. M. Bose recalled that already ten 
years had elapsed since the responsibility of directing 
the Institute had devolved on him, and he took this 
opportunity of reviewing the expansion of the 

* A full text of Prof. Buhl's lecture will appear in a 
subsequent issue of Science and CueTuke, 


Institute activities during the last decade. In 1939 
the total annual expenditure of the Institute was 
about rupees one lakh, half of which was met from 
the invested funds of the Institute and the rest from 
annual grant from the Central Government. Last 
year i.c., during 1947-48 the total expenditure was 
about two lakhs and fifteen thousand rupees which 
resulted in a deficit of Rs. 11,000/-. The govern- 
ment grant represented about two fifths of the total 
income, the Institute contribution remained un- 
altered, the balance of the total income was made up 
from receipt of grants-in-aid. With the help of the 
latter, the Institute was able to undertake twelve 
separate investigations, the majority of which were 
of an applied character. 

The work of the Institute is reviewed periodi- 
cally by a Committee nominated by the Central 
Government. The first reviewing committee, pre- 
sided over by I)r Dunnicliffe, visited the Institute in 
1940 and based on their report certain important 
changes were introduced in the regulations of the 
Bose Institute ; the strength of the research and 
administrative staff a-, well as their scales of pay 
were fixed at the same time. Neither the staff nor 
the scale of pay has been found to be adequate. With 
the sudden increase in the demand for research 
workers created during the last war, and the subse- 
quent rise in the cost of living, the pay offered to 
the staff was found very inadequate and the Institute 
is being continually depleted of its research staff due 
to this cause. But for the grants-in-aid received from 
several outside bodies, the activities of the Institute 
would have been on a much restricted scale. 

Last Match, another Reviewing Committee pre- 
sided over by IVof. Vallarta visited the Institute. 
The Committee considered very sympathetically the 
requirements of the Institute and it is understood 
that they have recommended increased recurring 
grants both for expansion of the research staff of the 
Institute and for more adequate scales of pay, as well 
as capital grants for building and equipment pur- 
poses. Their recommendations are before the 
Central Government and the Director expressed the 
hope that there will not be any further delay in 
implementing these recommendations, with which it 
is planned to make the Bose Institute an All-India 
Centre for training and research in Biophysics and 
in certain branches of Plant Sciences including Bio- 
chemistry, Physiology, and Cytogenetics. 

Reviewing the scientific activities of the Institute 
during the last decade, the Director pointed out that 
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while some of the important plant physiological in- 
vestigations of the Founder are being extended and 
the delicate apparatus constructed by him for such 
work are being utilized for applied investigations like 
that on the physiological requirements of economic 
plants like cinchona, not sufficient attention is being 
given, due to lack of funds, to the development of 
the early physical researches of the Founder, and 
to the utilization of the delicate instruments made 
by him for physical measurements. These pioneer 
investigations dealt with the construction of a com- 
pact apparatus for the stud> of electromagnetic radia- 
tions, of wave length below' one centimeter, and the 
investigation of interaction between such radiation 
and material systems leading to reflections, refraction, 
polarisation and absorption. From a study of the 
change iti conductivity of the coherers produced by 
absorption of radiation, Aeharya Hose was led to the 
study of analogous changes m physical properties, 
including contact rectification, in other substances 
like galena, selenium, magnetic oxide of iron etc. 
The interest in such study has again been revived by 
the use of centimeter radio waves for radar work, 
of crystalline semi-conductors like silicon and ger- 
manium for detection of such radiation and of con- 
tact rectifiers for conversion of A. C. current of fre- 
quencies upto that of visible light, and many im- 
portant technical applications have been made of 
these discoveries. This is one illustration of the well 
established observation that the role of a particular 
branch of science in the general advance of scientific 
knowledge and technique passes through phases of 
waxing and waning importance. The Director gave 
as illustration the recent development of the Tran- 
sistoi of Hell Telephone Co. which can replace the 
triode gas valve for many purposes. This arrange- 
ment bears some resemblance to the coherer last 
used by Bose, consisting of semi-conductor metal 
plate with a line metallic point resting on it. In the 
Transistor, the semi-conductor is specially treated 
silicon or germanium with an additional fine wire 
electrode placed on it very close to the first one, 
between which and the plate a steady voltage is main- 
tained. 

The scheme for expansion of the research activi- 
ties of the Institute contains plan for furtherance of 
the Founder’s physical investigations along with 
modern lines and the hope w T as expressed that funds 
may soon become available for this purpose. 

EIGHTH INTERNATIONAL CONGRESS OF GENETICS 

The Eighth International Congress of Genetics, 
held in Stockholm in July 1948, w as a grand success 

due to the assembly of most of the eminent geneticists 

* 


from all over the world.* The most noteworthy 
absentee, at this congress as at the last (Edinburgh 
Congress of 1939) was Soviet Russia. The most note- 
worthy delegate was Prof. Tschermak the surviving 
member of the trio who re-discovered Mendel’s laws. 
The conference was held from July 7 — 14, pre- 
ceeded by excursions. The credit for the success of 
the congress goes to Prof. Bonnier, the general secre- 
tary, Prof. Muntzing, the chairman of the excursion 
committees, and many of their colleagues in Sweden. 
In his scholarly and brilliant presidential address that 
ranged far and wide on the ramifications of “Gene- 
tics in the Scheme of Things”, l)r II. J. Muller 
(U.S.A.) devoted a lengthy section to a review' of 
some of the events in the genetics battle and to a 
bitter denunciation of the Soviet trend toward anti- 
science. When the Seventh Congress was still 
scheduled to be held at Moscow', lie revealed that one 
of the conditions which the Russians wished to impose 
was that no papers be read touching on human 
genetics, a condition which must be unacceptable to 
any conscientious man of science. 

With sorrowful tones appropriate to the pronun- 
ciation of the names of comrades who have fallen in 
the struggle for what they believe right, Muller read 
the honor roll of those martyred Russian geneticists, 
headed by the illustrious N. I. Vavilov, w T ho have 
disappeared w ithout a trace. The various papers that 
were read and discussed covered the whole field of 
genetics including tile following main topics : 

(i) Human genetics — twin studies, blood groups, 

genetics of diseases. 

(ii) Animal ^niclU s — colour inheritance in mammals 

and birds, mouse genetics, mouse-physiogene- 
tics, cattle genetics, animal psycho-genetics, 
animat cyto-genetiis, environmental control and 
gene expression in Drosophila 
(Hi) Plant cytogenetic^. 

lie) Chromosome structure and movements, numeri- 
cal chromosome variations, supernumerary clno- 
mosomes. 

(i’) Nuclear physiology, physio-genetics. 

(vi) Artificially induced mutation, polyploidy. 

(i 1 //) Population genetics — wild animal populations, 
plant genetics and evolution. 

(viii) Quantitative inheritance, non -dichromatic inheri- 
tance, genetics and species problem. 

( ix ) Gene analysis in micro-organisms, linkage and 
gene analysis. 

(x) Cenetical maihenuPics. 

41 Auerbach, Bateman, Black, Catchcside, Crane, Dar- 
lington, Fisher, Haldane, Hutchinson, Knight, Matitnn, 
Mather, Philp, Pontecarvo, Race, Sansome, Yates from 
Great Britain; Kostof fiom Bulgaria; Newcombc from 
Canada; Tail from China; DeCognac from FYaitce; Tischlcr 
from Germany; Schulte and Sirks from Holland, Love from 
Iceland ; Jueci from Italy, Kihara from Japan; Gajcyvisk 
from Poland; De Camara from Portugal; Akcrman, Bonnier, 
Caspersson, Gustafson, Johansson, Levan, Muntdng Nil- 
sson, Rasmusson, Yon Rosen, Turcsson from Sweden; 
Beers, Clausen, Demeroe, Dob/hansky, Goldschmidt, Keeler, 
Swanson, Valencia (J. & Marie) from T\ S. \.; Tschermak 
from Vienna ; five Indians including Dr S N Dasgupta 
(UNESCO) were present. 



SCIENcfe AND CULTURE 


Vol. 14, No. 7 


28 & 


(x i) Serological genetics. 

{xii) Principles of applications within the field of 
genetics. 

Demerec in his paper on the chemical mutageni- 
city (in Drosophila) of carcinogens and related non- 
carcinogens belonging to the hydrocarbons and azo 
groups, stated that there was a correlation between the 
mutagenicity and the carcinogenicity. Auerbach, 
investigating on the mustard gas mutations of Droso- 
phila , stated that the mutations occur in all regions 
of the X-chromosomes. 

Dealing with the different races of Drosophila 
pseudo-obscura, Dobzhansky pointed out that the dif- 
ferent races have different frequencies of various gene 
arrangements in the third chromosome. Clausen, in 
his paper on the genetic of climatic races of Polcntilla 
glandulosa, stated that the different ecological races 
of this species depend upon sixty to hundred genes 
at the minimum for their different morphological and 
physiological characters, and that genetically there was 
no essential difference between the physiological and 
the morphological characteristics of the races. 

Goldschmidt discussing the “podoptera effect” 
in Drosophila agreed with Mather’s theory that the 
polygenes are located in the heterochromatin and 
stated that the heteroeliromatic mutation was very 
important for evolution. 

Mantzing revealed the presence of a “standard 
fragment” (in Rye) which is not homologous to and 
less active than any of the ordinary chromosomes and 
which, when present in high number, affect the ferti- 
lity and vigour of the plant. He also discussed the 
behaviour of the accessory chromosomes at rneiosis in 
Poa alp in a. 

Mather stated that the continuous variation in a 
character was due to the effect of the similar members 
of a polygenic system. Kostoff dealt with the details 
of production of Nicotiana iabacum var. virii, which 
he is now largely using for crosses due to its resistance 
to common tobacco mosaic virus. 

Jucci described the interesting work on silkworms 
which he and his colleagues are doing in Italy. 

Kihara’s paper on the synthesis of hexaploid 
wheat was of great interest. In this connection 
DcCamara pointed out that the importance of Aegilops 
squarrosa in the production of hexaploid wheat was 
first pointed out by Pathak from India in the Inter- 
national Congress of Genetics held in Edinburgh in 
1939. 

There was a very interesting discussion on the 
necessity of establishing an international organisation 
for the cataloguing, maintaining, and exchanging of 
the genetic stocks. A committee was set up to pre- 
pare a report on this matter to be sent to the FAO 
for necessary actions. 

The next congress will be held after four years 
in 1952 and is likely to be held at Rome (Italy). 


THORIUM IN NUCLEAR FISSION 

Tmc Atomic Energy Commission, Washington, 
D.C., has outlined the nature and extent of its pre- 
sent interest in Thorium. By the Atomic Energy Act 
of 1946, thorium like uranium was placed under the 
control of AEC, and a strict control of export and a 
complete record of domestic movements of Thorium- 
bearing materials, including monazite ore, has been 
maintained by the Commission. v So far as the Com- 
mission’s programme is concerned, the usefulness of 
thorium and its principal source in nature, monazite 
ore, is limited for the present to research. Accord- 
ingly, the only Thorium the Commission purchases is 
for experimental purposes, chiefly in the form of 
Thorium salts, and the Commission has no facilities 
for employing monazite ore. 

Since monazite ore is the only commercial source 
of the element cerium and other rare-earth materials 
which are essential to many industries, current demand 
for this arises principally outside the atomic energy. 
(The ( honicul Age, November 13, 1948). 


REACTIONS IN ATOMIC PILE 

In a recent lecture delivered under the auspices 
of the Oil and Colour Chemists’ Association, Professor 
Knieleus discussed about the experimental study of 
radioactive substances. Tracers are produced in the 
cyclotron or the pile. In the pile, which consists of 
lJ 2a, \ U 238 and pure graphite moderators, the U 2 '™ 
undergoes fission and yields neutrons. These, ori- 
ginally fast, are slowed down by graphite. Some pro- 
duce fresh fissions, some are captured by U 23M and 
produce Pu. For the production of tracers, samples 
are placed in graphite blocks and slide along channels 
into the pile. The products are handled by the 
technique of microchemistry and with great attention 
to health precautions. The unit of radiation is the 
Curie representing a activity equivalent to 1 gm. of 
pure radium or 37 x 10 10 particles per second. This 
is a large unit and the milli- and micro-curie are more 
usual. At the curie level, the laboratories are con- 
sidered “Semi-hot” and are equipped with special 
screening and air ventilation with provision for puri- 
fying the air. In the isolation of plutonium and of 
other radioactive products of the atomic pile, the radia- 
tions cause some decomposition in the reagents used, 
such as solvents. In the cooling water, moreover, 
dissolved air may yield oxides of nitrogen and nitric 
acid causing corrosion of the pipe work. The graphite 
itself expands due to a change in the lattice ; this 
cause a progressive mechanical weakening of the pile. 
The question has been raised whether technical 
synthetic use may be made in industry of these chemi- 
cal effects. Could, for instance, ammonia be synthe- 
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sised simply by passing its constituent gases through 
channels in the pile? Research is in progress on 
these and other similar problems. (The Chemical Age, 
November 13, 1948). 


ATOMIC ENERGY EXHIBITION 

An exhibit on atomic energy, entitled * ‘Atomic 
Energy is Here for Good” has been presented in the 
Museum of the Franklin Institute, Philadelphia, 
during the months of November, December, and 
January (1949). The exhibit, which explains atomic 
energy on a non-technical level by demonstrations, 
models, displays, panel illustrations and photomurals, 
is sponsored by the Brookhaven National Laboratory, 
under the auspices of the A.K.C. 

Featured in the exhibit is a model atomic pile 
which splits single uranium atoms before the eyes 
of the spectators. Energy released by this fission 
process is amplified into visual and sound effects. A 
tinv capsule of a mixture of radium and beryllium 
is used in the model to produce the neutrons that 
pierce the nuclei of uranium atoms in the fission 
chamber. 

The pov\er possibilities of nuclear energy are 
demonstrated in a model power plant showing how 
an atomic pile may be employed in future to generate 
electric power. The gieat heat release resulting from 
nuclear fission may be transformed into steam to 
drive electric generating machinery. A striking- 
feature will be the radioactive flower, growing in soil 
fertilized by a phosphate containing radioactive 
phosphorus. A Geiger counter is used to demonstrate 
the course of “tracer” atoms into the roots, stem, 
leaves, and flowers of the plant. A miniature Van 
de Graaf electrostatic generator is one of several 
scientific instruments demonstrated. A Wilson cloud 
chamber shows the paths made by atomic particles 
in a pressure chamber containing an atmosphere of 
fog. (Journal of the Franklin Institute, October 1948). 


SCIENCE AND INDUSTRY 

The 110th Annual Meeting of the British Associa- 
tion for the Advancement of Science was held at 
Brighton during September 8-15 last ; Sir Henry 
Tizzard, President of the Association spoke on “The 
Passing World* * in which he reviewed some of the 
outstanding features of the progress of science and 
technology in Great Britain from the close of a period 
of .stagnation towards the end of 19th century. 

Speaking on the subject of application of science 
to industry, Sir Henry brought out the need to apply 

research results, as opposed to the intensification of 

<§ 


research, by citing the examples of building and 
cotton. 

“The Shirley Research Institute for the cotton 
industry is well known for the range and excellence 
of its work ; but productivity in the cotton textile 
trades is lower than it was fifteen years ago and much 
lower than in some other countries. Taking British 
industry as a whole, productivity is far lower than in 
the United States. In both countries about 40 per 
cent of the population is gainfully employed. Ill the 
United Kingdom the proportion engaged in manu- 
facturing, building and civil engineering, which covers 
the production of all capital and consumer goods (other 
than minerals or food) is now a little less than 18 
per cent of the population. In the United States the 
corresponding figure is 12 per cent ; and yet in pro- 
portion to the population the volume of production is 
Jar higher than in the United Kingdom.” 

Continuing Sir Henry observed : “The causes 
of the relative productive!} and wealth of nations arc, 
of course, many and complex. We gained our 
supremacy in the nineteenth century because we 
excelled in engineering genius and were the first to 
use mechanical power on the large scale for manu- 
facture and transport. Our population grew rapidly 
because we were prosperous, and it paid us to become 
a good importing nation because the productivity of 
labour in the secondary industries was so much higher 
than in agriculture. But conditions have changed in 
the course of time. We no longer have any out- 
standing natural advantages, and we must expect that 
given approximately equal skill in technology other 
nations with greater natural advantages will surpass 
us. Only by maintaining leadership in the application 
of science can we hope to keep our position among 
the great nations. So it is not surprising that the 
United States, and Canada, for example, with their 
great natural resources, and abundant supply of cheap 
power, should have passed us in wealth and pro- 
ductivity before the War. It would have been sur- 
prising if they had not. But it is by no means so easy 
to explain why Switzerland, which in 1885 possessed 
a national income per head about two thirds of that 
of the United Kingdom, should have equalled us in 
prosperity by 1939 ; or why the industrial productivity 
of Sweden, a country that has no coal, should have 
been rising so much more rapidly than ours in the 
years between the wars. These two countries cannot 
be said to possess natural resources superior to ours ; 
nor can it be argued that in the quality or quantity 
of scientific and industrial research the}’ excel us. 
But I suggest that they, in common with the United 
States, possess a higher average standard of techno- 
logy than wc do, and have a much greater propor- 
tion of men of high scientific education in executive 
control of industry. I quote them in support of my 
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view that it is not the general expansion of research 
in Britain that is of first importance for the restoration 
of its industrial health, and certainly not the expan- 
sion of Government research remote from the every- 
day problems of industry. What is of first importance 
is to apply what is already known. M 


X-RAY MICROSCOPE 

For the examination of minute objects not readily 
penetrated by light or electrons, an X-ray microscope 
has been developed by Paul II. Kirkpatrick of 
Stanford University. While it will not have the magni- 
fying power of the electron microscope, it will be 
much simpler in construction and will offer the 
advantage that living specimens can be examined. 
Since objects examined under a beam of electrons have 
to be in a vacuum, this dries up and kills living tissues. 
Dr Kirkpatrick hopes that fully developed models of 
the device will permit the X-raying of objects less 
than a millionth of ail inch in size, or about 20 times 
smaller than can be seen with an optical microscope 
using short wave light. 

An X-ray microscope had long been considered 
an impossibility because X-rays show almost no re- 
fraction, and because of a peculiar quality of the rays 
which makes it impossible to reflect them oil anything 
except at a very low angle. 

For successful microscopic X-rays, special tubes 
are required which will produce more of the “soft” 
X-rays — those with a longer wavelength. l)r Kirkpa- 
trick and his staff drew on two well-known facts about 
light phenomena for their research : that X-rays would 
reflect at a low critical angle and that the use of two 
lenses would concentrate diffused rays. lie bounces 
the X-ray off one mirror, set up vertically, to another 
reflector, which is horizontal. One mirror brings the 
X-rays together on a horizontal plane ; the second 
brings them together on a vertical plane. The mirrors 
are slightly eoucavc. Still better optical surfaces will 
have to be developed to secure anticipated maximum 
results. An alloy of nickel and platinum has been 
used as coatings for the mirrors. It is suggested that 
the X-ray microscope may be useful in the held of 
metallurgy, in the study of crystals and in various 
biological sciences. (Chemical c iV Engineering News, 
October 11, 1948). 


SYNTHETIC RESINS IN PAPER MAKING 

An investigation on the use of synthetic resins 
in offset printing papers has been carried out in a semi- 
commercial-scale papermaking plant at the National 
Bureau of Standards. The use of melamine-formalde- 
hyde has been found to improve paper strength and 


printing properties and to permit the use of short, 
weak hardwood fibres in papermaking. The technique 
consists essentially in substituting synthetic resin 
bonds betw een the fibers for the gel-like bonds formed 
by hydration. The resin bonding gives optimum 
strength and produces a superior paper by elimination 
of the adverse effects of hydration. For normal com- 
mercial fibre combinations it was possible to develop 
as much strength with 2 per cent of resin and no 
beating as with 9'5 hours of beating without resin. 

In the use of deciduous wood fibres such as 
birch sulfite and aspen sulfate, the addition of 1 to 
2 per cent of melamine-formaldehyde resin increased 
resistance to surface picking and folding endurance 
more than 10 times in some instances. (Chemical cV 
Engineering News, October 25, 1948). 


SCIENTIFIC FILM CONGRESS 

A Scienlifie Film Congress was held in London, 
in October last at which delegates and observers from 
25 countries and UNESCO accepted invitation. 

The Congress decided upon a programme of work 
for the coming year w hich includes : 

(1) The establishment of an international data 
card for compiling a master index of Scientific Films 
available throughout the world and the formulation 
of methods of appraisal of these films ; 

(2) The joint production, by a number of coun- 
tries, of films of common interest ; 

(3) The exchange and distribution on the widest 
scale of scientific films and the customs regulations 
affecting such exchange ; 

(4) The setting up of a Scientific Film reference 
library ; and 

(5) The exchange of information between nations 
by means of a regular journal. 

Further information may be obtained from the 
Scientific Film Association, 34 Soho Square, London 
W. 1. 


SCIENCE AND TECHNOLOGY IN CHINA 

Thk Natural Science Society of China (C/o. 
National Central University, Nanking, China) has in- 
augurated a new journal Science and Technology in 
China , a bimonthly publication in Knglish devoted 
to first hand reports on developments in the fields in- 
dicated in the title. There are six issues a year, to 
appear on the first-days of February, April, June, 
August, October and December. 

Science and Technology in China is in spirit a 
continuation of Acla Brcvia Sincnsia, published during 
the war years by the Society in co-operation with 
the British Council in China. It has a much wider 
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scope and includes, besides abridged reports of original 
research, articles reviewing progress in various fields, 
reports on scientific and technological institutions and 
learned societies, biographical notes, book reviews and 
news in brief. 

INDIAN COTTON BEFORE AND AFTER PARTITION 

As a result of the partition of the country, the 
Indian Union’s share of undivided India’s produc- 
tion of cotton of staple length yi" and above, below ,V' 
and above 11/16" and 11/16" and below forms 45, 62 
and 76 per cent respectively, on the basis of the figures 
for 1946-47. The Indian Union’s output of cotton 
of staple length 1" and above forms about 33 per cent 
of that of undivided India. The present production 
of cotton of staple length ‘ " and above* and 'below 


K" and above 11/16"’, in the Union should be raised 
by at least 80 and 39 per cent, respectively, to meet 
internal requirements in so far as Indian and Pakistan 
cottons arc concerned. The production of cotton of 
staple length 11/16" and below at the current level 
is just sufficient to meet internal demand. It is 
possible to attain self-sufficiency, in the immediate 
future, in regard to the requirements of mills in the 
Indian Union in respect of Pakistan cotton, except 
perhaps for a moiety of the 2 lakhs bales of staple 
length t" and over at present being obtained from 
Pakistan, provided the food position permits of an 
increase of about 4 million acres in the area under 
cotton as compared with 1946-47 when the acreage 
was 1 1 *5 millions (The Indian ('ofton (nowing Review, 
October, 1948). 


FORTHCOMING SCIENTIFIC AND TECHNICAL CONFERENCES AND CONGRESSES 


Date of 
Conference 


Title of Conference 


Name of Comening Body 


Place of 
Meeting 


1949 

Januar\ 

Feb. 2 2d 

Feb. 8 onwards ... 


Feb 22 onwards 
May 16 June 3 
May 

June 14 — 16 
June 20-25 
Julv 

’July 0-23 (Pro- 
posed) 

July 21 29 

July 

Summer 

Aug. 15- 19 
Aug. 19 25 
Aug. 31— vSepl. 7 

Aug. and Sept. 


Sept. 6- 10 
Sept. 14 — 16 ... 

October 

October 

Undecided 

Undecided 

Undecided 

Undecided 


Winter Meeting 

7th Pacific Science Conference 

International Civil Aviation Organiza- 
tion, An Line Operating Practices 
Operations Division I 

International Civil \viation Organiza- 
tion, Airworthiness Division 
U. N. Scientific Conference on Conser- 
vation and Utilization of Resources 
International Railway Congress 

Committee on Science and its Social 
Relations 

International Conference on Scientific 
Abstracting 
Summer meeting 

41 li Umpire Mining and Metallurgical 
Congress 

2nd International Congress of Crop Pro- 
tection 

Commonwealth and Umpire Conference 
oil Tuberculosis 
Congress of Psy clioteclinics 

12th International Dairy Congress 
1st International Biochemical Congress 
British Association for Advancement of 
Science Annual Meeting 
Specialist Conference on Plant and Ani- 
mal Nutrition in relation to Soil and 
Climatic factors 
15th General Conference 
General Assembly 

The 5th International Animal Husbandry 
Congress (Zooteehnical) 

The 7th Pacific Science Congress 
3rd International Conference on the 
Chemistry of Cements 
Conference on Cosmic Rays 

6th International Congress on Radiology 
5th International Grassland Congress 
Date and Programme not yet fixed 


British Grassland Society 

Royal Societ\ ol New Zealand 

International Civil Aviation Organiza- 
tion 

International Cnil Aviation Organiza- 
tion. 

ucosoc 

International Railway Congress Assoc. 
Brussels 

I C.S.U. 

UNESCO * 

British Grassland Society 

Umpire Council of Mining and Metallur- 
gical Institutions 

International Union of Chemistry 

National Assoc for the Prevent ion of 
Tuberculosis 

National Institute of Industrial Psycho- 
logy 

International Dairy Federation 

Bi< K'hemiea 1 S< >cietv 


Council for Scientific i\ Industrial Re- 
search (Australia) 

International Union of Chemistry' 
International Council of Scientific Unions 


j Bureau of Standards 

, Cosmic Ray Commission of the Inter- 
national Union of Physics 


Newcastle 
Auckland and 
Christchurch 
Mon treal 


Montreal 
U. S. A. 

Lisbon 

Paris 

Paris 

S. U. England 
London & Oxford 

London 

London 

Berne 

Stockholm 

Cambridge 

Australia 


Amsterdam 

Copenhagen 

Paris 


Washington 
Eun >pe 

London or Caul- 
bridge 
Netherlands 
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MEXICAN ELECTED DIRECTOR-GENERAL OF 
UNESCO 

Dr Jaime Torres Bonin', Foreign Minister of 
Mexico, is elected the new Director-General of the 
United Nations Educational, Scientific and Cultural 
Organisation. 

Dr Bodet, horn in Mexico on 17th April 1902, 
received his education in that country. An eminent 
author, and former Minister of Education in Mexico, 
he has written three volumes of poetry, six novels, 
and many hooks on education. For his outstanding- 
work in the educational field, the University of "Mexico 
and the University of Southern California conferred 
on him the honorary title of Doctor in Letters. lie 
is also an active member of the Mexican Academy of 
Languages. While with the Ministry of Education, 
Dr Bodet organised a system of public libraries 
throughout Mexico, and assisted in the translation of 
the classics which were published by the Mexican 
Government. He was Professor of French Literature 
in the Department of Philosophy and Letters in Mexico 
from 1924 to 1928. 

lie entered the Foreign Service in 1929 and held 
diplomatic positions in Spain, Holland, Belgium and 
France. 

In 1943 he was appointed Minister of Education, 
at which time lie initiated the world famous Mexican 
campaign against illiteracy. In November 1945 be 
headed the Mexican delegation to London, and attend- 
ed the Conference which created UNESCO. He was 
one of the original signers of the UNESCO Charter. 

He has been Foreign Minister of Mexico since 
December 1946, and in that capacity led the Mexican 
delegation to the Inter-American Conference for the 
Maintenance of Peace. He was also head of the 
Mexican delegation to the Second General Assembly 
of the United Nations, where he was elected Vice- 
President . 

Dr Bodet will assume his duties as Director- 
General of UNESCO in Paris at the beginning of 
1949. 


INDIAN INSTITUTE OF CHEMICAL ENGINEERS 

The Indian Institute of Chemical Engineers was 
inaugurated in December 1947 at Patna by Dr Hira 
Lai Roy to help the advancement of the profession and 
science of Chemical Engineering. 

Dr Roy in his presidential address stressed the 
need for a co-ordinated effort to standardise the teach- 
ing of Chemical Engineering in various schools and 
colleges of the country and presented the Institute 
with a careful analysis of numerous courses in Chemi- 
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cal Engineering in the United States of America, the 
United Kingdom and Europe. 

Since January 1948, a number of meetings were 
held in Calcutta where the office of the Institute is 
temporarily located, and the members had the oppor- 
tunity of reading and discussing Papers on Chemical 
Knginccri ng subjects . 

Tlie Institute has a membership of over hundred 
Engineers in 1948, the very first year of its life. 

The first Annual Genera 1 Meeting and Second 
Paper Session of the Institute will be held at Allahabad 
in January 1949 at the Indian Science Congress 
Session and numerous papers on vital problems of 
the Chemical Industry of the country are to be read 
and discussed at that meeting. 

ANNOUNCEMENTS 

Sri Kamai esit Ray, has recently returned after 
qualifying himself as an Engineer from the U.S.A. 
Readers of Science and Culture are well acquaint- 
ed with Ray’s widely read articles on the Damodar 
Valley Planning and similar ones of national im- 
portance. Sri Ray was the recipient of the Chose 
Travelling Fellowship of the Calcutta University, 
Watiunull Foundation Scholarship and a Scholarship 
from the Government of West Bengal. Along with 
his studies in Civil Engineering with special reference 
to Hydraulics, Sri Ray has also studied Soil Mechanics 
and Geology for better understanding of the river 
problems. lie has visited most of the important river 
projects and hydraulic laboratories, including those 
of TVA, Bureau of Reclamation and some in England 
and in Switzerland. 

Sri Pratul Ciiandra Mukherjt, Junior Research 
Fellow, National Institute of Sciences of India has 
been admitted to the degree of Doctor of Science of 
the University of Calcutta for his investigations on 
the synthesis of Steroid sex hormones and Sesquiter- 
penes. His thesis has been adjudicated by a Board of 
Examiners comprising Prof. Sir Robert Robinson, 
Prof. Sir W. N. Ilowartli, and Prof. L. F. Fieser. 

The Royal Commissioners for the London 1851 
Exhibition will award in 1949 for study abroad one 
science research scholarship to an Indian student 
having Post-graduate training in Science, with capa- 
city for original scientific investigations. The value 
of the scholarship is ,£350 per annum and tenable for 
a period of two years. 

Subjects of the Dominion of India below 26 years 
of age on 1-5-1949 will be eligible for the scholarship. 
Applicants have to forward their applications by a 
University or an Institution through the Provincial 
Government to the Ministry of Education, Govern- 
ment of* India before 10-2-1949. 
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Dr Ki/MER D. Mkrriu*, Director Emeritus of 
the Arnold Arboretum of Harvard University, lias 
been made an Officer in the Netherlands Order of 
Orange Nassau in recognition of his contributions to 
the knowledge of the Malaysian Flora, his stimulat- 
ing interest in Dutch and Indonesian botany, and his 


efforts to promote international co-operation in 
botany. 

The award was made in a ceremony at the Nether- 
lands Consulate in Boston in the presence of Mrs 
Merrill and Dr Frans Vcrdooru, who represented the 
biological institutions of the Netherlands Indies. 


BOOK REVIEWS 


Principles of Radar — By Denis Taylor, Pli.D., and 

C. H. Westcott, Pli.D. Published by the Cam- 

Bridge University Press, Cambridge. Price, 

12s, 6d. 

In recent days, the attention of every student of 
Physical Sciences has been focussed on Radar, for 
its immense success in the last World War. But 
common readers, engineers, physicists or mathemati- 
cians find the sudden release of so much detailed 
information about radar to be perplexing, and conse- 
quently have felt an urgent need for a treatise on 
the introduction to such a highly technical subject. 
In the “Principles of Radar” the authors have suc- 
cessfully presented the common factors underlying 
the many complicated types of radar equipments. 

The treatise, as the name signifies, deals only 
with the principal concepts of radio location and 
naturally the exposition of the intricate electronic 
circuits involved therein are not discussed in this. 
In the eight chapters, excluding the general infor- 
mation, the treatise deals with generation and re- 
ception of pulse modulated signals, performance of 
radar equipments, radar ranging, determinations of 
azimuth and elevation, unwanted echoes, and secon- 
dary radar. 

The pulse modulated signals and the associated 
receiver characteristics have been studied in two 
chapters in a most comprehensive manner. Exten- 
sive information on the Fourier analysis of pulse 
form, the noise factor, the antenna gain, the ground 
absorption, and echoing-area-consrderations have been 
creditably condensed, without sacrificing the mathe- 
matical basis of the whole survey. The propagation 
characteristics and the consequent choice of fre- 
quency range have been amply described before 
striking at the ranging problem in two dimensions. 

The information on radar ranging, determina- 
tion of elevation and azimuth, either separately or 
jointly, By pencil-beam radar scanning have been 

5 


dealt with using fundamental concepts, but the 
mathematical basis of the electronic appliances used 
therein does not figure in the treatment. The general 
difficulties encountered in the centimeter radar prac- 
tice, e.g., the sea clutter, the ground clutter, the 
difficulties in calibration on account of Doppler effect 
have been clearly stated and explained. The dis- 
advantage of operating a secondary radar system for 
working I.F.F. has also been discussed. The two 
appendices containing the formulae for ready refer- 
ence, and also the fundamental computations for the 
echoing area of conducting objects and others, — are 
also very useful. No doubt the book serves as a 
good exordium to the vast knowledge opened by 
radar. 

S. C. 

The Evolution of Modem Physics — By 0. T. Chase 

(Van Nostrand, New York). Macmillan, London, 

1947. 12 Illustrations. Pp. x + 203. Price 14s. 

This book is a survey of almost the entire field 
of physics from the old times to the modern days. 
The book has a charm of avoiding mathematics from 
beginning to end, and to non- technical readers this 
comes as a great relief who wish to read, but reluc- 
tantly avoiding reading books relating to modern 
physics. 

1'he book is a storehouse of information to those* 
who want to know something about the develop- 
ments that made the appearance of this ‘atomic age' ; 
they acquaint themselves with almost all the aspects 
that are characteristics of the present day atomic 
physics, yet it appears from a careful survey of the 
book that the right things are not always treated 
in the right order. Nevertheless, it is a very pleas- 
ing book for youngsters and aspirants of knowing- 
something of physics. 

The first two chapters deal with the old science 
of kinematics built up by the consistent effort of the 
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great past savants who paved the way to a easy 
approach to the proper understanding of tile laws 
of nature. Chapter 3 and 4 discuss the much talked of 
topics as to the concepts of the nature of light vary- 
ing from time to time, and the classic works of identi- 
fication of heat as motion and energy. Chapter 5 
deals with molecules and that part of physics which 
merges naturally into chemistry. 

Chapter 6 nicely presents the researches of Fara- 
day and others in the realm of electromagnetism and 
the author deserves credit for giving Faraday the 
important recognition he deserves. Chapter 7 begins 
with classical works of Maxwell and Hertz and ter- 
ninates in the successful operation of Radar. 

Chapter 8 on cathode rays and x-rays are treated 
in a formal way without much details, but the author 
truly concludes: “The 'seeds of modern physics 

have been sown It was to grow by leaps 

and bounds, no sooner appearing ripe for harvesting 
than new spurts would send physicists hastily into 
fields, eagerly watching their crops and wondering 
what next development turn out to be.” 

Chapter 9 deals with the work of Curies on radio- 
activity, and chapter 10 with the “Rutherford atom”. 
Isotopy is also treated. Chapter 11 on the quantum 
theory is not quite impressive and chapter 12 on 
spectroscopy deals with the “Bohr atom”. The im- 
portance of the transition from “Rutherford atom” 
to “Bohr atom” is not adequately stressed, though 
the works of Sommerfeld, Von Lane and Moseley 
are mentioned. The works of Schrodinger and Dirac 
in this field must not have escaped the author's care- 
ful mind. 

Chapter 13 on relativity and chapter 14 on the 
velocity of light is well written especially on Michel- 
son’s wonderful series of experiments on the latter 
chapter is worth notice. 

Chapter 15 and 16 deal with Millikan's work on 
the determination of electronic charge and on photo- 
electricity respectively, and a due place for “Compton 
effect” and “Raman effect” is incorporated. 

In chapter 17 on “electron waves”, Davisson 
and Garmer's work finds rather more space than 
it deserves, compared to those of G. P. Thompson, 
Rupp, Kikuchi etc. Wave mechanics is treated in 
Chapter 18 in a vague way. 

Chapter 19 on atomic nucleus presents earlier 
experiments nicely and chapter 20 on the release of 
atomic energy, the most talked of topic of the present 
day is rather treated in a ‘mild dose'. This chapter 
should have been given more attention to, but the 
writer satisfied the readers only by naming the 
‘Smythe report*. Americium and Curium are not men- 
tioned. 


While the book makes an interesting reading, it 
appears that the American School of thought has been 
given a bit much more attention to than it fairly 
deserves. However, when it is recalled that the 
object of the writer is to present physics to a none- 
too-serious reader, and the avoidance of mathemati- 
cal reasoning lias been persistently adhered to the 
author is welcome in writing this beautiful mono- 
graph. 

A. C. 

Geology of the Lizard and Meneage (Memoirs of 
the Geological Survey of Great Britain, England 
and Wales) — By Sir John Smith Flett, K.B.K., 
LL.D., F.R.S. Second Edition, 1946. Published 
by His Majesty's Stationery Office, London, 
1946, Pp. 1-208, 21 Text figures. Plate i-ix. 
Price 7.s\ 6d. 

The Lizard area has already been surveyed in 
detail bv the official Geological Survey twice ; first 
by I)e la Bcche, the first Director of the Geological 
Survey of Great Britain, England and Wales in 1839, 
and then by Flett and Hill in 1912, and from time to 
time by other geologists. The present edition, re- 
vised after retirement by Sir John Flett, the senior 
author of the earlier edition (1912), summarises the 
progress that lias been made since 1912. The Memoir 
proves, if indeed such proof be called for, that the 
geological survey of a terrain can ever be final. We 
may well bear this fact in mind in India so that 
there need be no apology for re-surveying parts of 
the country in the light of recent data. 

Metamorphic schists and gneisses with intrusion 
of serpentine, gabbro and basic dyke, often highly 
metamorphosed are typical rocks of the Lizard area, 
the oldest being mica-schists, quartz-granulites and 
green schists, the last probably of volcanic origin. 

The Kennack gneisses which “have given rise 
to most controversy” in the geology of the Lizard 
have been fully described. A major part of the 
banded gneisses, the author thinks, has been pro- 
duced by the “reaction of acid rocks on basic mate- 
rial”. Various types of gneisses are mentioned and 
their origin discussed. The author has established 
that the Kennack gneisses are intrusive into the 
serpentine, gabbro and “black dykes*' and that they 
contain numerous inclusions of serpentine and 
gabbro. Banded character of the gneisses is ascribed 
to “fluxion” in a heterogenous magma. 

The Lizard Boundary is believed to be perfectly 
definite line, the position of which can be easily and 
sharply located ; where the line * is straight, it is 
probably a fault but at places it is gently curved and 
is “presumably a thrust”. 
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The important metamorphic features, including 
“thermoplastic” type of metamorphism in mica- 
schists and green schists, and of the famous serpen- 
tine mass of the Lizard are fully discussed. 

In this edition the recent researches of Miss M. 
L. Hendriks and Prof. W. II. Lang have been in- 
corporated. It is stressed that Hill's Devonian 
Portscatho and Falmouth beds cannot be separated 
and that possibly they are on the same horizon as the 
Grampound. The Mylor beds are considered to be 
continuous with the Gramseatlios. 

Dr C. J. Stubblefield's recent identification as 
Chonetes of what had previously been described as 
Orthis in the Meneage quartzite establishes the 
Lower Devonian age of the Meneage breccia. The 
Meneage breccia is the result of the Hercynian earth 
movements which took place at the close of the 
Carboniferous time due to folding and faulting of 
rocks of Cornwall and Devon during which the 
Carnmenellis granite was injected producing a zone 
of thermal metamorphism around it. 


The recent contribution on the Carnmenellis 
granite by Dr P. K. Ghosh has been quoted to in- 
dicate successive intrusions of granite in the area and 
of the dome-shaped nature of the Carnmenellis 
granite and the behaviour of the Kiilas inclusions in 
the granite magma. In the end a few pages have 
been devoted to describe the economic minerals of 
the district. 

The Memoir contains numerous sketches and 
photographs and a complete and up-to-date biblio- 
graphy which makes it all the more attractive to 
readers. It can he said without doubt that this 
edition is an important contribution to the advance- 
ment of knowledge of the complex problems of the 
Lizard geology and is worthy of the author, the late 
vSir John Flett, whose “devotion to the furtherance 
of the science which he served so long and so faith- 
fully” led him to undertake the work even in his 
retirement, and which was published shortly before 
his death. 

T. C. B. 


LETTERS TO 

[The Editors are not responsible for 


MANUFACTURE OF ELECTRICAL MEASURING 
INSTRUMENTS 

One important aspect was not dealt with in my 
article 1 published earlier, e.g., capital required in such 
industries. 

The demand unlike other electrical machineries 
like fans etc. varies a great deal and consequently 
though the price of an individual instrument is quite 
small the total capital involved in the manufacture 
of these instruments is very large as worked out 
below : 

(i) Kind : Voltmeter, Ammeter, Milli -Voltmeter, 
Milli- Am meter — 4. 

(u) Type: Moving Iron (M.I.), Moving Coil 
(M.C.), Hot wire (H.W.) and Thermocouple (Th. C.) 
— 4 . 

(Hi) Size : 6" dial, 5" dial, 4" dial, 3" dial and 2{ f! 
dial — 5. 

(iv) Pattern : Switch Board — (a) Projected 
mounting, (b) Flush mounting and Portable Pattern 
=3. 

(v) (a.) Ranges in voltmeters — 6, 10, 12, 15, 20, 
25, 30, 50, 60, 75, 100, 150, 250, 300, 500 and 600= 16. 
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(b) Ranges in Ammeter- -1, 5, 10, 20, 25, 30, 50, 
75, 100, 150, 200, 250 and 300=14. 

(c) Ranges in Milli-amps— 1, 5, 10, 15, 25, 50, 
100, 200, 250 and 500' 10. 

(d) Ranges in Milli-volts — 50, 100, 200, 250 and 
500 = 5. 

For simplification putting them in tabular form 
w e have : 

i ' 

Type Size Pattern Range 

Voltmeter 2 (M.T. vS; M. C.) ... 5 ' 3 16 

Ammeter j 

(a) 3 (M.I., M.C. & Tli. C.) ... 5 3 ! 14 

{b) 1 (H.W.) 5 3 i 7 

Milli ammeter 

(a) 2 (M.I. & M.C.) ... 5 3 10 

(b) 1 (Th. C) 5 3 | 8 

Milli Voltmeter (2 M.T. & M.C.) 5 3:5 

i 

Leaving aside Polarised -type meters (suitable for 
charge discharge of current), Electro-Static Meters, 
Micro-Ammeters, Galvanometers, and double, triple 
and multi range meters and supposing instead of 
3 or 4 grades, instruments of only one grade e.g ., 
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first grade is manufactured even then if only one 
meter of each type, size, range etc. is stocked, the 
total number becomes : 

2x5 <3* 16 -f-3 *5x3x14 + 5x3x7 -l 2x5*3 
x 10 I 5 x 3 x 8 -f 2 x 5 x 3 x 5 
-2x5x3 (16 + 10 + 5) + 5x3 )3 x 14 + 7 + 8) 

- 930 + 855=1785. 

If only a dozen meters (which is a very moderate 
figure) of each type, size, range, etc. is kept in stock 
the total number becomes 21,420. Taking average 
price of a meter at Rs. 50/- the total sum involved 
becomes Rs. 10,71,000/- (Rupees ten lakhs seventy 
one thousand) and to keep a stock of fifty numbers 
of each type, size, range, etc. the finance involved 
is nearly Rs. 45,00,000/- (Rupees Forty-five lakhs). 

If the cost of semi-finished instruments and com- 
ponent necessary for continuity of production and 
the cost of equipments for storage, leaving aside the 
cost of machinery and factory equipments, are added, 
the total capital involved becomes a very large figure. 

B. B. Bhowmik 

Radon House, 

7, Sirdar Sankar Road, 

Calcutta, 21-2-1948. 

1 SCIICNCK ANI> Cm/ruRE, 12, 275, 1946. 


ACACIA CHUNDRA OR ACACIA SUN DR A ? 

In an earlier communication, 1 it was pointed out, 
in passing, that the correct name should preferably 
be Acacia chundra. At the time of publication I 
was aware that an explanatory note would be neces- 
sary, as the other name (i.c., Acacia sundra) has 
gained some popularity in India. I intend to discuss 
this point in this note. The rules of nomenclature 
(Art. 70) allow a change at a later date, if it could 
be proved that at the time of publication the original 
author made a * ‘clearly unintentional orthographic 
error.’* In this particular case, at the time of valid 
publication of the names Mimosa chundra or Acacia 
chundra by Rottler and Willdenow respectively, 
there is no doubt that the epithet chundra was used 
deliberately, and as such, the name Acacia chundra 
should be accepted. The correct name is given below, 
followed by synonyms which are arranged in chrono- 
logical order. 

Acacia chundra Willd. Sp. PI. 4: 1078 (1806). 

Mimosa chundra Roxb. ex Rottl. in Gesel. Naturf. 

Freund Berlin, N.S. 4 : 207 (1803) ; Willd. Sp. PI. 

4 : 1079 (1806) in syn. 

Chundra Acacic Willd. -I.c. (1806) nomen. 

Mimosa sundra Roxb. Cpr. PI. 3 : 19 et tab. 225 (1819). 

Acacia sundra DC. Prod. 2 : 458 (1825). 

It will be evident from a study of the synonyms 
that on grounds of priority the epithet chundra has 
to be accepted unless it is an orthographic error. 


The plant was collected by the German missionary 
Rottler from a place called Marmelon (near Madras) 
on October 9, 1799. This plant was described and 
validly published with a Latin description in 1803 
(i.c.). Three years later, Willdenow transferred the 
name to Acacia chundra (l.c.). It is interesting to 
note that at the time of publication, Willdenow knew 
that the plant was described earlier by Rottler as 
Mimosa chundra , and he (Willdenow) used the 
epithet chundra three times in course of a few lines 
(l.c. 1078-79). Moreover, Willdenow had no know- 
ledge of the other epithet sundra , which was pub- 
lished for the first time thirteen years later by Rox- 
burgh. As such, Willdenow could not have made a 
mistake and used chundra for $ sundra . There is also 
no doubt from the above facts, that Willdenow used 
the epithet chundra deliberately, since he has re- 
peated the epithet three times at the same place.* 
It is therefore impossible to prove that in using 
chundra, Willdenow made a “clearly unintentional 
orthographic error”. 

The epithet chundra was derived from some 
Indian vernacular name and it is very likely that a 
foreigner like Rottler had accepted the name as he 
gathered it from conversation from some Indian 
associates. + It is also likely that it may 'have been 
phonetically correct to Rottler, but philologieally in- 
accurate. But if we elect to change such names 
derived from Indian vernacular at a later date, only 
because these names are inappropriate to an Indian 
(or Sanskrit) scholar, we submit ourselves to the 
following difficulties : 

There are numerous generic and specific names 
derived from Indian, Chinese, African, or Brazilian 
names. Many of them are not philologieally correct 
to Indian or Chinese or African scholars. If all of 
them substitute new names for these plants at a 
later date, we will get hundreds of new 7 names and 
there will be great confusion. This has to be avoided 
under the provision of Art. 4 of the rules. In fact ? 
a similar practice w r as tised by some authors in the 
past without success. For example, in Prod. Strip. 
AUert . 326 (1796) Salisbury gave a new name, 
Morin yra crccta to our familiar Moringa pterygo - 
sperma > because he thought the former name to be 


* An example of a deliberate use of a form of generic 
name which resulted in its subsequent adoption could be 
given bv the name Annona. The more popular and widely 
used form Anona has been now abandoned after many 
years of use, as it was pointed out that Linnaeus used the 
form Annona deliberately, and not by any mistake. In 
this connection Sprajpie .says {Kew" Bull,, 1928 : 344), 

“Linnet action in rejecting the euphonious and historic 
name Anona for the inept one Annona may be regretted, 
but it cannot be reversed under International Rules, except 
by conserving the spelling Anona/' 

f It may also be possible that he got the name verbally 
from Roxburgh, and as the epithet referred to an Indian 
vernacular name, Rottler accepted it as all right* 



LETTERS TO THE EDITOR 


January, 1949 


291 


more appropriate. This did not help future botanists 
to accept Salisbury’s name. 

It is for this reason, and to safeguard such 
difficulties, that there is provision in the rules to 
correct orthographic errors only in cases when the 
names are derived from Latin or Greek. 

Finally, it may be interesting to see what spelling 
was used by Willdenow on Rottler’s original collec- 
tion. It is only reasonable to expect that the epithet 
published both by Rottler and by Willdenow is to 
be found to Rottler’s sheet. I have been able to 
examine an old fragment of a sheet which I suspect 
to be that of Rottler’s (see Kew Bull. 1894 : 20 1 ) . In 
this, the original name is Acacia chundra, but the 
epithet has been changed by a subsequent hand to 
sutidra. Although this finding is not very conclu- 
sive, it may not be impossible to confirm this from 
some other European herbaria where Rottler’s dupli- 
cates may be found. 

It is unfortunate that the name Acacia chundra 
could not be changed either on ground of ortho- 
graphy, or because it is inappropriate. It has to be 
accepted as the legitimate name. 

In this connection the following* note from the 
Rules of Nomenclature could be quoted with 
advantage (Art. 70 note 2 bis in Brittonia 6 : 26, 
1947) : — “The liberty of correcting a name must be 
used with reserve especially if the change affects the 
first syllable and above all the first letter of the 
name”. 

D. Chatter jkk 

Royal Botanic Gardens, 

Kew, 8-8-1948. 

1 Bor and Chatter jet*, SciHNCE and CneruRii, 13, 274, 1948. 


EMISSION BANDS OF TOLUENE 

Following our communication on the emission 
bands of benzene, 1 we have been able to excite the 
emission bands of toluene in the near ultraviolet. 
The bands can be excited either by high frequency 
discharge or suitable transformer discharge in flowing 
toluene vapour. The spectrum obtained by the 
second type of discharge gives a more intense deve- 
lopment of the bands. Stewart and collaborators 2 
have excited the bands in the Tesla discharge but 
their data are few and accuracy low. The spectrum 
consists of a continuous emission in the body of which 
the discrete emission bands are situated. The con- 
tinuous spectrum seems to have a sharp short wave- 
length limit which on analysis is found to coincide 
with the origin of the discrete band system. About 
chrty-four discrete bands have been measured most 
of which are counterparts of the correcting absorp- 
tion bands already recorded in literature. A com- 


plete analysis of the bands has been made (see Table I) 
which is naturally in line with the analysis of the 
absorption bands. The continuous emission spectrum 
is about as intense as the discrete bands and seems 
to have an uniform intensity from the beginning of 
the band at about 2667 A up to about 3500A after 
which the intensity gradually begins to decrease. 
It is suggested that this continuous emission spectrum 
is due to the excitation of phenyl radical. A de- 
tailed communication on the subject which is still 
under investigation will be published elsewhere. 


TABLE I 

Emission Bands ok Toluenk 


ac. cm- 1 

Int. 

Assignment 

37475 

5 

0, 0 

37452 

1 

+ 1189- 1212 

37416 

1-5 

-59 

37379 

1 

4-528- 620 

37354 

0 

2*59 

37320 

1 

4- 456 - 620 

37299 

2-5 

-178 

37244 

2 

00 

7 

35 

<\i 

37199 

7-5 

- 2 x 6204-964, 932-1212 

37130 

0 

-340, -2x178 (?) 

36960 

2 

-514 

36888 

*5 


36851 

2-5 

- 620 

36785 

2 

-514-178 

36688 

4 

-785 

36657 

0 

4-751 - 2 x 786, -2x 10034-1189 

36625 

•5 

-785-59, -842 

36529 

0 


36514 

0 

-785-178 

36494 

0 

-985 

36467 

2 

-1003 

36430 

0 

-985-59 

36415 

0 

- 1003 - 59 

36403 

0 

-1070 

36307 

1 ! 

— 1176 

36293 

0 

- 1003 - 178 

36281 

0 


36263 

r 

-1212 

36205 

0 

-1212-59 

35842 

•5 

-1012-620 

35733 

0 


35681 

1 

— 620 - 1176 

35469 

0 

-2x1003 

35421 

0 


35296 

0 

-1003-1176 

35068 

0 

-2x620-1176 

34842 

0 

-2x1003 - 620 

34680 

1 

-2x1003 - 785 

34265 

0 


34202 

0 

1 

i 


R. K. Asunpi 
M. R. Paphye 

Spectroscopy Section, 

Physical Laboratory, 

Benares Il^ndu University, 

6-9-1948. 

1 Aaundi and Padlivc, Nature, 150, 368, 1945. 

* Stewart, Recent Advances in Physical and Inorganic 
Chemistry, p. 350, 1930. 
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RECLAIMING THE INDIAN DESERT 
I 

Pitiiawau.a lias failed to grasp the essentials 
of the economic aspect that I tried to bring to the 
fore and moreover he has also completely misunder- 
stood some of my statements vvdiicli are of importance 
to the discussion . 1 

I explicitly stated that there were already six 
‘Targe bunds” on the Luni River and its tributaries 
of which only one filled with anything like reason- 
able frequency, yet in his reply Dr Pithawalla ques- 
tions whether I may not have meant weirs ; had they 
been weirs the picture would have been still more 
unfavourable ! 

The point which I had hoped to make clear was 
that as the existing reservoirs lilled rarely there was 
no point in “putting two buckets where one did not 
fill.” 

The Pichiak irrigation reservoir, located on the 
Luni River some 40 miles east of Jodhpur City, has 
filled only once in the past 18 years and, as an 
irrigation reservoir, it is an economic failure, but as 
•it, was built as a famine relief work it cannot be 
looked upon solely from the strictly economic point 
of view. 

However an Engineer, charged with the ex- 
penditure of ] mb lie funds, cannot allow himself to be 
entirely swayed by idealism, either his own or that 
of others ; if he did he would very soon be checked 
by that part of the Administration responsible for 
finding the money ; it is difficult enough to obtain 
the necessary funds for projects which can be proved 
to be economical, as every Engineer knows, in India 
or elsewhere, and he is under a constant lire of criti- 
cism from some party or other until a project has 
finally proved to be profit yielding. 

Dr Pithawalla is certainly incorrect in stating 
that the average annual rainfall of the Lmni basin is 
18*95 inches ; the figure given in my letter is correct ; 
it has been taken from data provided by the Meteo- 
rological Department of the Government of India. 

The 15" isohyet passes through the basin divid- 
ing it into two parts, of which 9728 square miles lie 
to the west and 6297 miles to the east ; the 20 fl 
isohyet passes along and close to the eastern boundary 
of the basin. 

I gather from para 2 of Dr Pithawalla’s reply that 
he proposes low weirs or bunds across the stream 
beds as a means of controlling and preventing loss 
of water to the Runn of Cutch ; even if there were 
sufficient water to fill more “buckets” with economic 
frequency than the number already existing, these 
weirs or low bunds would be filled with sand within 
a very few years and all that would be achieved 
would be a raising of the river bed over a short dis- 


tance with the consequent encouragement to the river 
to meander and cover good agricultural land with 
sand, and this widening of the river bed is certainly 
not the happy circumstance that Dr Pithawalla be- 
lieves it to be, as the covering of sand would ruin 
the land from the point of vi&w of cultivation. 

We have examples of this in places where our 
rivers have left tlieir beds due to sand choking. 

The frequency of floods referred to by Dr Pitha- 
walla in para 3 of his letter does not in fact occur 
and expensive protective works are definitely not 
justified ; what is required, and is being done, is to 
plant a quickly growing scrub along the banks of 
the rivers to prevent as far as possible the drifting 
of sand into the river beds, and so choking them that 
even a small flood is forced outside the beds carrying 
a load of sand, which, as pointed out above, destroys 
adjacent fields. 

The reference to tube wells along the Luni is 
unfortunate as Jodhpur Government engaged a 
Commission of experts in 1938 to settle this vexed 
question once and for all. The Commission com- 
prised Sir W. Stampe, Dr Heron and Dr Mackenzie 
Taylor and others and as a result of their investi- 
gations they gave it as their definite opinion that 
conditions for tube wells did not exist in this State ; 
so far as the Luni River is concerned this was in 
any case definitely established by the results obtained 
by the Jodhpur Railways pumping plants inter- 
spersed along the river and by an investigation of 
cultivators, wells as far downstream as Chitalwana. 

Some of Dr Pithawalla’s conceptions are so at 
variance with what actually exists that 1 cannot but 
advise him to visit the country and spend some time 
here before writing in such optimistic vein as to 
what he thinks is possible ; I do not wish to decry 
his very laudable desire to see something done to 
improve this country because a lot can, and should 
be done, but I do not think he should intrude quite 
so much into the sphere of the Engineer, at any rate 
without in the first place paying a visit and seeing 
the country if possible in company with the Engineer 
in charge ; particularly as in rny own case I have 
spent 18 years in the State during which period I 
have made an intensive study of the topography, 
geology and hydrology in an effort to improve con- 
ditions for the cultivator ; during this time there have 
been numerous discussions with outside experts 
designed to check my own conclusions and to bring 
other experience to bear upon the problems to be 
solved. 

F. F. Fkrgusson 

Public Works Department, 

Jodhpur, 

14-9-1948. 

‘Science and Cuijure, 14 , 116-118, 1948. k 
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II 

On the subject of the Kuni Basin Mr Fergusson 
has made some remarks which need a rejoinder. 

The Economic Aspect. — He has constantly 
stressed upon the economic aspect of the scheme pre- 
sented by me for saving and conserving every drop 
of good water in the Indian desert at any cost. I 
wish he had, as an expert, dealt with the engineering 
side of the whole problem and showed us how such 
a conservation of the water resources can be achieved. 

Economic aspects we must look to. But in the 
campaign of Grow More Food, have the Government 
of India not forced the zamindars and cultivators to 
cultivate food crops in areas which can only raise 
cotton crops conveniently, as there is cotton (black 
regur) soil available? Where more food grains are 
badly required, are not even the waste lands to be 
reclaimed and are not all the water resources to be 
conserved at any cost ? So even if the frequency of 
floods is so poor, engineering works have to be con- 
structed wherever possible even if it is for getting 
over a famine year. Besides, we have to rehabilitate 
millions of refugees in our country, most of whom 
are farmers by profession. 

Rainfall Data.- The rainfall data utilised bv me 
for my paper have been taken from the Annual 
Report of the Central Irrigation and Hydro-dynamic 
Research Station, published by v Sir C. Inglis at Poona 
in 1945. The desert rainfall is always erratic and 
variable and nothing can be said with certainty about 
them ; there is however, an appreciable increase of 
rainfall in the Indian desert and we must take the 
fullest advantage of the circumstance. 

Silting and Sand-choking. — This is a technical 
matter in which Mr Fergusson is an expert and 1 
have nothing to say. Mine are only the suggestions 
for conserving the water resources, both on the sur- 
face and underground and too much cannot be 
written about it. To avoid such a severe silting up 
of our water channels, Mr T. A. W. Roy of the 
Punjab Service of Engineers has made a suggestion 
that more and more canalisation will help in reducing 
the amount of silt deposits in the channels. 

As regards sand-choking, Mr Fergusson himself 
has recommended planting of quickly growing scrub 
along the banks of the rivers, which would no doubt 
prevent the sand drift into the river beds. Thus both 
silting and sand-choking can also be avoided to a 
great extent while saving precious water, usually 
running to waste into the sea. 

Tube-wells in the Luni basin . — Mr Fergusson 
has made a general statement that tube-wells are not 
possible in the basin and no definite localities are 
pointed out nor are any reasons given. If it is a case 
of salinfty, it has been noticed iti other parts of the 


country that it is generally reduced in the sands and 
gravels of river beds from which salts are washed off 
after floods. Karachi gets millions of gallons of 
potable water from the Malir basin, which is 
surrounded by limestone rocks containing connate 
salt. For tube- wells I have suggested only a restrict- 
ed part of the Jodhpur State, viz., the Luni-Jawai 
Doab. Any data from this area would be worth 
studying. 

Kastlv, it is a matter of great regret for me to 
learn from Mr. Fergusson that a geographer has no 
business to intrude upon the sphere of the engineer ! 
Such a sad and sorry attitude has been the cause of 
ruination in our country. Geography is, however, 
proved to be a powerful synthetic science and has 
now come to stay. Other advanced countries have 
been employing expert geographers not only for sur- 
veying the different regions of the earth and their 
economic resources but also for national planning. 
Without them all projects would be imperfect and 
unprofitable. This is an age of co-operation and co- 
operative efforts for all scientists, for the future wel- 
fare of the Indian sub-continent and I suggest that 
such an opportunity in our country should not be 
lost . 

As for Mr Fergusson’s invitation to me to visit 
the State it is not known whether it would be as a 
State guest or at my own expense, which unfor- 
tunately I can never afford, so poor is the purse 
usually of a teacher like me. 

Mankck B. Pith aw am, a 

N.K.D. Government Engineering College, 

Karachi, 6-12-1948. 

[This cort espi mdencc is dosed. Kd. : Sci. Cul.\ 


PERIODIC FADING OF RADIO SIGNALS AND VERTICAL 
MOVEMENT OF IONOSPHERIC LAYERS 

From our observations on fading patterns of 
shortwave radio signals 1, 2> 3 it has been found that 
periodic type of fading may occur under two distinctly 
different conditions. In the first condition, it mav be 
either caused by interference of two waves reflected 
from the same ionospheric layer due to double re- 
flection or from two different layers when one or both 
the layers possess slow vertical movement. Secondly, 
it may be due to interference of ordinary and extra- 
ordinary components of the wave caused by magneto- 
ionic splitting. 4 It may be remembered that the 
former condition, particularly in the case of double 
reflection, demands higher electronic density in the 
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ionospheric layer, whereas the density required for 
the latter condition is comparatively low so as to be 
just enough for single reflection between the tran- 
smitting and receiving stations. We have observed 
both the above types of periodic fading and a few 
typical records of them obtained on 19m band for 
transmission from Delhi have been shown in the 
diagrams given below* 

Fig. 1 shows the periodic pattern of fading of 
the first type due to double reflection from F 2 -region 
when the electronic density was fairly high. It may 
be observed that under such conditions if there is no 
movement of the ionospheric layer, the fading pattern 
will be of slow random type as will be seen in the 



first portion of the diagram. As the layer begins 
to move up or down, quick periodic variations of in- 
tensity are superimposed on the initial slow random 
type of fading as shown in the latter portion of 
Fig. 1. It may he mentioned that the reflections 
from F^-region were confirmed by measurement of 
the angles of downcoming waves. The record of 
second type of periodic fading due to magneto-ionic 
splitting is shown in Fig. 2, when the electronic 



Fig. 2 

density was low and gradually decreasing, which is 
evidenced by the disappearance of the signal due to 
want of adequate amount of electrons in the layer 
as will be seen at the end of the fading pattern. It 
should be observed in Fig. 2, that the intensity of 
signal increased before its disappearance as is ex- 
pected in case of thick ionospheric layer. It may 
be added that if the electronic density in the iono- 


sphere happens to he very near the value required 
for double reflection, then also, a slow periodic 
fading pattern will result due to magneto-ionic 
splitting of the doubly reflected wave, but this pattern 
will have, in addition, slow random or quick periodic 
variation superimposed on it due to the presence of 
the singly reflected wave. The superimposition will 
be slow random when there is no vertical movement 
of the layer and periodic when there is movement. 
A typical fading pattern of this type is shown in 
Fig. 3, when there was a vertical movement of the 
F 2 -layer. 



The vertical movement of the layer in all the 
above cases were ascertained from the rate of its 
movement calculated from the fading pattern and 
compared with the variation of height of the Fa- 
region as recorded by the Research Department 
A.I.R., Delhi. The conditions for formation of the 
above types of periodic fading were verified from 
the knowledge of electronic densities existing in the 
Fa-region at the time of observation. Considering 
thick ionospheric layer for the observations in Fig. 1, 
the calculated electronic density required for double 
reflection w as found to lie between 1*6 and 1*9x10® 
electron /c. e. according to the thickness of the layer, 
and the existing electronic density at the time of 
observation w^as 1*86x 106 electron /c.c. Further, the 
rate of movement of the layer calculated from the 
fading pattern is 10*3 km /hr. which agrees fairly 
well with the observed rate of decrease in the height 
of Fa-layer which was 12*5 km. /hr. 

That the periodic variation of intensity shown in 
Fig. 2, w’as due to magneto-ionic splitting will be seen 
from the existing electronic density in the F a -region 
which was about 1*3x10® electrons/c.c. at the time 
of observation, whereas the required density for single 
reflection from F a -layer is about 1*2x10® electrons / 
c.c. The signal disappeared as the electronic density 
went below* 1*0 x 10® electrons/c.c. Fig. 3 shows the 
superimposition of quick periodic ripples on the above 
type of smooth periodic fading brought about by the 
vertical movement of the layer. During this obser- 
vation the electronic density w^as 1*6x10® electrons/ 
c.c. which is the lowest amount required fqr double 
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reflection as mentioned previously. The rate of the 
vertical movement of the layer as calculated from the 
fading pattern is 15‘6 km. /hr. and the observed 
average decrease in the height of F 3 -layer was about 
13 km. /hr. 

In view of the importance of such periodic fading 
patterns in practical radio-communication, it may be 
mentioned that the first type of periodic fading usually 
indicates higher concentration of electrons in the iono- 
sphere and consequently predicts fairly satisfactory 
condition for reception. The second type, on the 
other hand, which is caused by magneto-ionic 
splitting, generally occurs towards the evening, when 
the electronic density tends to decrease, and thus, 
indicates the possibility of deterioration in signal in- 
tensity. Tt may be further noted that from such obser- 
vations of periodic fading patterns, it may Ik* 
possible to detect fairly slow vertical movement of 
the ionospheric layers as shown above. Further 
details of these observations will be published in the 
Indian Journal of Physics , 

The authors have great pleasure to record their 
thanks to Principal M. Scngupta and Prof. G. C. 
Mukhcrjee for their kind interest in the above in- 
vestigations. Their thanks are also due to the Re- 
search Department, All India Radio, Delhi, for 
supplying the Ionospheric Data. One of us (R.N.S.) 
is grateful to the Government of United Provinces 
for granting research scholarship for carrying out 
the above investigations. 

S. vS. Banerjee 
R. N. Singh 

Section of Communication Engineering and 
Applied Physics, 

Engineering College, Benares Hindu University, 
Benares, 25-9-1948. 

1 S. S. Banerjee and G. C. Mukherjee, Science anu Culture, 
11, 571, 1946. 

* vS. S. Banerjee and O. C. Mukherjee, Nature, !58, 413, 

1946. 

* S. S. Banerjee and O. C. Mukherjee, Phil. Mag, {in the 

press). 

4 K. V. Appleton and W. J. G. Bevnon, Proc. Phys . Soc. f 
58 , 59, 1947. 


ON THE ASSAY OF LIVER EXTRACTS 

Various methods of extraction of anti-anaemic 
principles from liver have been developed. While 
the highly purified fractionated liver extracts have 
been found to be extremely efficacious in preventing 
relapses of pernicious anaemia, the same do not 
render much benefit in other macrocytic anaemias, 

6 


such as the trojhcal anaemias. In these conditions, 
extracts of whole liver, as developed by Gansslen 1 
or proteolvsed liver extracts" have been shown to be 
more effective. 3 

Many attempts have been made to develop labo- 
ratory methods of assay for liver extracts. Some of 
these methods have been tried in this laboratory. 
Trials were given in rabbits using Krogers antigen 4 
from Vi strain of B . Typnosus, Pigeons rendered 
anaemic by injection of B. Wcichii toxin (c/. Beard, 
1928) 5 were also used. Growth studies on guinea- 
pigs were also attempted. But all these attempts 
failed. Counting of reticulocytes in the pigeon is 
difficult owing to over-lapping of various stages of 
reticulocytes ( cf . X itt is, 1938). fi Ultimately, the 
method of Jacobson, 7, s using normal adult guinea- 
pigs, was tried. The present note gives the results 
of observations obtained from several liver extracts/ 
assayed with this method. 

More than hundred guineapigs (240-400 gms.) 
were used in this study. At the outset, groups of 
animals were kept in uniform diet and the fluctuation 
in daily reticulocyte count was recorded, in order to 
determine the mean reticulocyte percentage of a 
normal population. The following figures were 
obtained : 

Mean reticulocyte count ... ... 0-65% 

Probable error, according to Peter's 

formula ... ... ... 0*25 

P.E. x3*2 ... ... .. -0*g 

vSeveral preparations of liver extract, prepared 
by different methods in the laboratory were then sub- 
jected to bio-assay, by this method. For comparison, 
u Neo-Hepatex M was taken as the standard, as this 
preparation always gave uniform reticulocyte res- 
ponse in fairly low dosage in our animals. As nega- 
tive controls, saline (O' 9 per cent) and casein hydro- 
lysate containing equivalent nitrogen per c.c. were 
taken. 

From the results of the assays, it was observed 
that liver extracts prepared by vacuum concentration 
are more potent than those obtained by open con- 
centration. Protcolyscd liver obtained by auto- 
enzvmic hydrolysis, however, showed a fairly high 
reticulocyte response when compared with other liver 
extracts, in terms of mgs. of raw liver dose for dose. 

It was, therefore, surmised from these studies 
that Jacobson’s method could certainly be taken ad- 
vantage of in determining the relative potencies of 
a similarly prepared group of liver extracts. The 
method serves as a qualitative method or at best, a 
relatively quantitative one. It was also observed that 
our guineapigs required for minimum effective dose 
a far larger quantity of liver than reported bv 
Jacobson (loc, cit.). 
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Details of the paper will be published 
elsewhere. 


A. N. Bose 


Bengal Immunity Research Institute, 

Calcutta, 16-10-1948. 
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GALLIUM IN INDIAN ALUMINIUM 

In the previous investigations of the authors 1, 2 
gallium content in nine different samples of Indian 
bauxite has been determined by the carbon arc 
cathode layer method of spectrographic analysis and 
by colorimetric method (chemical). Because of the 
similarity of the ionic radii of Al and Ga, both exists 
simultaneously. So a fair concentration of gallium 
is expected in aluminium metal prepared from bauxite. 

The gallium content of aluminium from Messrs. 
Aluminium Corporation of India lias been determined 
by both the methods. Al-metal dissolved in HC1, 
precipitated with ammonium chloride and ammonia, 
and ignited to constant weight. 3 mg. of this pow- 
dered mixture is utilised and the spectrum obtained 
maintaining the same operating technique, the shape 
of the cathode, exposure, development and all other 
variable factors as before. 1 The gallium concentra- 
tion is determined by visual comparison with standard 
plates. 'W] 

In the colorimetric method, 0'5 g. of finely 
divided aluminium is dissolved in strong HC1. The 
acidity is adjusted to 6N in HC1 and gallium is re- 
moved by repeated extraction with ice cold ether. 


Ether was removed from the combined ethereal ex- 
tracts. The gallium together with iron (present as 
an impurity in the metal) is treated with IN NaOH, 
filtered and washed with ‘5N NaOH till the residue 
is free from gallium (tested spcctrographically) . 
Traces of colloidal iron from the filtrate is removed 
with MnO* as collector. From this filtrate gallium is 
again extracted as described above. Gallium thus 
obtained is pure and estimated colorimetrically with 
quinalizarine as before. 2 


TABLE 


Source of bauxite 
utilised for Al-metal 


Salgipat, N. Lobar- j 
daga, Bihar. 


Colorimetric 

method 


Spectrographic 

method 


% of Ga 

% of Ga 

% of Ga 

%of Ga 

in 

in 

in 

in 

!>nuxite 

Al-metal 

bauxite 

Al-metal 

■0017 

•007 

•002 

i 

•008 


It is found that gallium has been four times con- 
centrated in the Al-metal. In this connection it may 
be mentioned that one ton Al-metal is obtained from 
four tons bauxite. 

Our best thanks are due to Prof. P. B. Sarkar, 
for his kind interest in the work and for providing 
laboratory facilities, to the Director, C.S.I.R., for 
the research grant, and to Messrs. Aluminium 
Corporation of India, Ltd., for kindly supplying the 
aluminium metal. 


Bibhuti Mukiikrjkk 
Amar Majumdar 


Department of Inorganic Chemistry, 

University College of vScience & Technology, 

92, Upper Circular Road, Calcutta. 

29-11-48. 

1 Mukherjec, B. and Sarkar, P. B., Science and Culture , 

12, 598, 1947; Mukherjee, B. f Proc. Nat. Inst. Sc. Ind., 
14, 169, 1948. 

’Majumdar, A. and Sarkar, P. B., Science and Culture, 
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SUPPLEMENT 


ALLAHABAD 

ANCIENT— MEDIAEVAL-MODERN 


Allahabad in Myths and Legends 


/CELEBRATED in legend, hymns and history 
J alike, Prayaga or Allahabad where the Indian 
Science Congress holds its 36th session after an 
interval of eighteen years, is one of the oldest living 
cities of India whose origin is hidden behind the 
mists of mythology. The name Prayaga means a 
place where great yagnas (sacrifices) have been per- 
formed. Grandfather Brahma, the Creator-God of 
Hindu mythology, is said to have performed here 
the Aswamedha Yagna (horse sacrifice) in token of 
his universal supremacy. That is the reason why 
Prayaga is often alluded to as the Tirtharaja (king 
of holy places). In the Manusmriti, Prayaga is 
mentioned as lying to the east of “Madhyndesha”, 
the present United Provinces. 


The great epic Ramayana mentions that while 
crossing the Jumna on his way to the south, Rama 
with his consort and brother rested in the shade of 
the Akshaya Vata (the eternal Ficus religiosa). It 
further narrates how they stayed in the Ashram of 
the great sage Bharadwaja and bathed at the conflu- 
ence and how Bharata came here to seek his elder 
brother. Even in those olden times Allahabad is 
said to have been a great seat of learning — probably 
even greater than our modern University. Kulapati 
Bharadwaja is said to have pupils numbering about 
10,000 to whom he also offered free lodge and 
boarding. 

Allahabad district is full of antiquarian remains. 
Antiquarian scholars have identified the place men- 
tioned as Varanabata in the Mahabharata as the 
country around Allahabad and the extensive ruitis 
near the village Kosam, 30 miles up the river Jumna, 
which have not yet been turned by the archaeologists’ 
spade, as the ancient city of Kausambi. Kausambi 
is found mentioned not only in the Vedic scriptures 
like Satapatha Brahmana as a noted centre of learn- 
ing but also in the Matsya Pur ana where it is spoken 
of as the capital of the Pandavas after their original 
capital Hastinapura in the Meerut district was washed 
away by the Ganges. In Patanjali's “Makavasya” 
and Pali Texts, Kausambi is said to have been as 
important as Varanashi in the trade route between 
the eastern part of India (Pataliputra) and the West 
(Saketa). In course of his wanderings, Lord Buddha 
spent the 6th and 9th years of his ministration in this 
place and before his death (ca. 543 B.C.) succeeded 


in converting its king Udayana famed in love and 
romance to his faith. Asoka, the greatest king in 
history, whose Dharmachakra , — emblem crowned by 
four eouchant lions -our National Government has 
adopted, made Kausambi one of his provincial 
capitals. 

The great poet Kalidasa has alluded to Kausambi 
in Meghdula and has mentioned Prayaga in Raghu- 
vansa where he has beautifully described the conflu- 
ence m his inimitable style. Fa Hien, the Chinese 
traveller who visited India late in the 4th century 
A.D. probably during the reign of Chandragupta 
Yhkramaditya (375-414 A.D.) was also struck by the 
grandeur of Allahabad and Kausambi which were 
stated to be in a very flourishing state. 

Early in the seventh century after Christ, 
Allahabad belonged to the dominions of Harsh- 
bardhana, the great Emperor of Northern India in 
whose time the famous Chinese monk, Hieuen Tsang 
visited India. The Chinese traveller has given us a 
vivid description of the way in which the generous 
kings, during a quinquennial fair held at the con- 
fluence, gave away all the accumulated wealth of 
five years including his personal belongings to the 
religious orders, Hindu and Bauddha, the poor and 
the needy and at the end borrowed a loin cloth from 
his sister returning to his kingdom. Even now at 
the very spot and at the same time of the year a fair 
called Magh Mela is held annually which is visited 
by pilgrims numbering in millions. Every twelve 
years the fair is known as the Kumbha which is 
regarded as very auspicious. The origin of the word 
Kumbha is to be found in the legend in which Garuda 
while carrying the pot containing Nectar that arose 
during churning of the ocean is supposed to have 
rested here during his flight to the heveans. The 
sangatn (confluence) is also called “Tribem” (i.e., 
junction of three rivers) by pious Hindus since 
according to the old and widespread belief there was 
a third river, the Saraswati, joining the Ganges and 
the Jumna at tlieir meeting place. This river which 
now disappears in the sands of Rajputana is said to 
have flown according to Hindu credulity under- 
ground on its way to the sangam (confluence). 

The sangam in olden days was situated by the 
side of the abode of the sage Bharadwaja and pro- 
bably parts of the present city of Allahabad like the 
Tagoretown and Georgetown were situated under it. 
This is to some extent testified by the fact that during 



construction of buildings in these areas the subsoil 
is formed to consist mainly of sand. The construc- 
tion of the Tort and the embankment (Build) has 
shifted the position of the sangam to a more distant 
place. 

Archaeological remains round Allahabad 

Apart from the mythological accounts, the 
archaeological sites and remains in and around Allaha- 
bad also throws light on its ancient culture. On the 
other side of the Ganges opposite the Fort is situated 



Asoka Pillar inside the Fort. 


the mound of Jhusi which has been identified as the 
Partisthanpuri of the ancient times. This place was 
the capital of the kings claiming descent from the 
Moon and is said to have been founded by Ila* son 
of Prajapati. The mound is surrounded by the re- 
mains of a fort presumably built by the great Gupta 
conqueror vSamudra Gupta (330-375 A.D.) and con- 


* Ua was perhaps both a son and a daughter as will be 
apparent from history given in Ramayana ( Ultarakanda 
Chapters). He was periodically changed into a woman and 
was then known as Tla It was during this womanhood that 
he conceived a son by Buddha who was named Pururaba. 
Ashamed of his performance Ua abdicated the throne of 
Bahlik (N W. F. Province) in favour of his eldest son and 
founded a city in II, P. and was succeeded by his son 
Pururaba. 


tains a huge well known as Samudra Kupa . The 
remains of bricks of the early Buddhist .shape and 
size testifies to the existence of a Buddhist vihara 
which has also been mentioned by the Chinese tra- 
vellers. Copper plates containing inscription of the 
last members of the Imperial Pratihar dynasty which 
ruled Northern India from 834 A.D. — 1018 A.D. from 
their seat in Kanauj and were overthrown as a result 
of the raids of Sultan Mahmud of Ghazni have been 
recovered here. 

The Asoka Pillar standing within the compounds 
of the Fort, is a single shaft of polished sandstone 
35 feet in length with a diameter of 2 feet 1 1 inches 
near the base whose circular abacus with lotus and 
honcysucle still remains but unfortunately the capital 
is missing. The pillar contains a famous inscription 
of Asoka ’ although most of the third and fourth 
edicts has been destroyed by Jeliangir who has re- 
corded therein the names of his ancestors. Imme- 
diately below the Asoka edict are, found the inscrip- 
tions of Samudra Gupta, describing his conquest of 
the kings of Northern, Eastern and South India. Ac- 
cording to one view' the pillar was brought from 
Jhusi but as the Asoka’s edicts are also ad- 
dressed to the Mahamatuis of Kausumbi it is usually 
held that the pillar originally belonged to Kausumbi 
and was removed to the Fort by Akbar or Feioz 
Shah where it was rc-crccted by Jehangir iti 1605 A.D. 
In Kausambi, there stands another similar pillar 
which does not contain any Asokan edict. 

Tlie subterranean “Patalpuri” temple inside the 
Fort is doubtless of some antiquity as can be guaged 
from the conditions of the idols as well as its re- 
ference in the mythological literature and accounts of 
travellers like Hicuen Tsang. The banyan tree 
“Akshaya Vata” which is reputed to have been in 
this place from time immemorial, is now represent- 
ed by a forked trunk inside the temple which the 
priests maintain to be still retaining its vitality. Padre 
Tieffcnthaler as long ago as the middle of the 18th 
century described the tree as leafless but in one of 
his visits the writer observed pale leaves on a branch 
arising from the trunk. The secret of the undying 
“Aksliaya Vata” is well kept by the priests and no 
one has yet been able to verify the suggestion that 
when the trunk rots away it is replaced by an exactly 
similar one. 

Among the places of antiquity around Allahabad 
mention has already been made of Kausambi. Dele- 
gates to the Science Congress will find a visit to the 
Allahabad Municipal Museum where some of the 
archaeological finds and the antiquities are 
housed. These are extremely interesting. Another 
place called Singraur, 22 miles to the north west on 
the banks of Jumna is held to be the place where 
the king of Bhils welcomed Rama bn his wuy to the 



south. It is also identified with the Ashram of Sringi 
Rishi and some ruins have also been discovered. The 
rocky islet of Sujaon some miles up the Jumna be- 
longed to the ancient but ruined city of Bhita from 
which a number of archaeological remains dating 
from Mauryan times have been found. Most of the 
former city has been engulfed by the change in the 
course of the river and the rock, which is 60 feet high, 
stands in solitary grandeur in the midst of the stream. 
It had on its top a Hindu temple which was des- 
troyed by Shnista Khan in the reign of Shah Jelian 
and a cupola erected in its place. “Sujaon * 9 itself is 
identified by Ft. K. C. Chattopadhaya as ‘Sliuja- 
muiia’, the palace on the Jumna, mentioned in old 
literature. The name reminds one of the ‘Shuganga’ 
palace of the Maurvas at Pataliputra, mentioned in 
Khar vela’s inscription. 

Oarhwa, situated a few miles to the north of 
Allahabad, has numerous archaeological remains in- 
cluding a fort and a large masonry tank. Apart from 
Buddhistic remains there are also ornamental pillars 
of different types of architecture as well as images 
of Vishnu, Maliadeva, Brahma and Krishna. Al- 
though many of the images arc of more recent origin 
yet significantly the noses of almost all the figures 
are wanting and appears to have been broken off. 
According to General Cunningham these are good 
exam j )les of Indian sculpture of the 12th century. 

Allahabad during Muslim rule 

From the year 1090 A.P. for about a century 
Allahabad was included in the Kingdom of the 
Galiadvals of Kauauj but in 1194 A.D. after the 
defeat of Kmperor Jai Chand at the hands of Sail a- 
buddin Ghori this city passed under the rule of the 
Mahoinedans. After about four centuries of compara- 
tive obscurity Allahabad again attained prominence 
during the reign of Akbar who after the battle of 
Fatehpur* in 1567 A.D. came and rested at Prayag 
for tw r o days. The present fort at the confluence of 
the Jutnna and the Ganges was built by him and was 
completed in the 21st year of his reign. Akbar 
founded a mint at the Fort and also created the Subali 
of Allahabad comprising Gazipur, Benares, Manick- 
pur, etc. Maharaja Bhagvvandas of Amber who ac- 
companied the Emperor during his visit to Allahabad 
obtained a grant of that piece of land on which the 
greater part of Katra as well as the Muir Central 
College now stands. 

From 1595 A.D. till his accession to the throne 
in 1605 A.D. Prince Selim afterwards Emperor Jehan- 

* Fatehpur is not to be confused with Fatlipur Sikri. 
In May 1567 Akbar left Agra to deal with the rebellious 
Khan Jaman. In the battle at a village 10 miles south- 
west of Allahabad, Khan Jaman was killed and Akbar 
bestowed the name Fatehpur on the village. Akbar then 
reached Frayag and after two days marched to Benares. 


gir was Governor of Allahabad. After the rebellion 
and death of his son Khusru the latter *s body was 
buried in a tomb in Khusrubagh. The prince’s tomb 
is the easternmost of the row of three, middle of 
which is the tomb of Khusru’s sister, and the one to 
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Tombs at Khusrubagh. 

the west is ascribed to Khusru’s mother and wife 
of Emperor Jehaugir, who hailed from the Hindu 
Royal House of Jodhpur. Apart from these stands a 
building ascribed to one Tamboli Begum. The whole 
areas of Khusrubagh is surrounded by a lofty wall 
of sandstone pierced by two impressive gateways in 
the south and in the north. The former is about 
60 ft. high and faces the Grand Trunk Road. It 
is built on the same plan as the gateway of the Taj- 
malial. The gardens are now decorated with flower 
and fruit trees. 

During the reign of Shah Jelian and Aurangzeb 
(1627-1707 A.D.) the importance of Allahabad de- 
clined. In 1666, the Mahratta hero Sivaji stopped at 
Allahabad in course of his flight from Agra and left his 
son in charge of a Brahmin in Daraganj, while he 
continued his flight to his homeland. 

With the decline of the Moghal Power after the 
death of Aurangzeb, the Mahrattas began their de- 
predations in this area and in 1739 the Bhonsla Chief 
of Nagpur reached Allahabad, sacked the city and 
returned to his capital laden with an immense amount 
of booty. He also ordered that the revenue of the 
Subali of Allahabad should be paid to the Peshwa 
Balaji Baji Rao. The Mahrattas were later (1747 
A.D.) repulsed bv the Nawab of Oudh, but during 
the year 1750-51 the Pathan Chief of Furrukabad, 
Ahmad Khan Bangasli again sacked the city and laid 
siege to the Fort at Allahabad. Allahabad was final- 
ly seized by the Nawab of Oudh in the year of the 
battle of Plassey but he soon came into conflict with 
the East India Company. After a series of battles 
with the English, the Nawab fell back on Allahabad 
about the year 1764. Soon a treaty was concluded 
between them by which the district of Allahabad 
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was separated from the kingdom of Oudh and made 
over to the titular Htnperor Shah Alam who for a 
time resided in the Khusrubagh but handed over the 
Fort to the British. A few years later the Hmperor 
joined the Mahrattas and ceded the territory of Al- 
lahabad to them. At this the British confiscated 
this territory and in 1773 sold it to the Nawab of 
Oudh for 50 lakhs of rupees! In 1801, however the 
district of Allahabad finally passed into the hands 
of the British “in liquidation of the debt on account 
of the troops maintained by the East India Com- 
pany” ! It is from here that expeditions were .sent to 
annex Bundclkhand and other neighbouring places. 
During the Government of the East India Company 
administrative needs led to the establishment of a 
Board of Revenue and Civil and Criminal courts in 
1831 but soon the capital of the newly formed North 
Western Province was removed to Agra. During 
this period Allahabad experienced famine conditions 
iti the years 1803-4, 1837-38 and also later in 1860-61. 

Allahabad under British Rule 

Allahabad also took part in the first struggle for 
liberation of the country from British rule miscalled 
the Indian Mutiny. On 6th June 1857, the sixth 
native Infantry rebelled, looted the treasury, released 
the prisoners and murdered a number of Britishers. 
The prisoners along with the rebellious local popu- 
lation was led by Maulvi Liakat Ali who took up his 
residence at Khusrubagh and issued a proclamation 
owing allegiance to the so-called Emperor of Delhi. 
On 11th June, however, Colonel Neill arrived at Al- 
lahabad with the Madras Fusiliers and the next day 
Paraganj was taken from the rebels. Jliusi and 
Kvdganj fell on the 13th and by the 18th the Kot- 
wali, the Civil Station and the villages around Alla- 
, habad were recovered. In this struggle Babu Peary 
Mohan Banerjee who resided near the old Kayastlia 
Pathshala, earned the nickname of the ‘Fighting 
Muusif as he laid down the pen for the sword and 
marched at the head of a band of followers, loyal to 
the British . From their secure base at Allahabad, 
the British organised expeditions all over Northern 
India to fight the rebels. The newly started steam 
boats plying in the Ganges brought continuous sup- 
plies of men and materials from Calcutta, and this 
was a great factor in defeating the mutiny. 

Lord Canuing arrived at Allahabad in 1858 and 
not only transferred the capital of the North West 
Provinces from Agra to Allahabad but .it was from 
here that he first announced in a great durbar held 
near the Fort, the proclamation of Queen Victoria. 
This spot, now known as the Minto Park, has been 
commemorated by the erection of a marble pillar 
topped by the Asokan pillar head of Dharmacltakra 
with four Hons facing four cardinal directions, in 


which this fact as well as extracts from the procla- 
mation are engraved. 

Citizens or Allahabad in the Struggle for 
Independence 

The history of Allahabad after the mutiny is 
uneventful except for the important part it has played 
in the national struggle for independence. This city 
has been the birth place or the field of activity of 
such great congressmen as Pandit Ajudhianath, 
Pandit Madan Mohan Malaviya, Pandit Motilal 
Nehru, his son our present Prime Minister, Babu 
Purushottam Das Tandon along with many other 
stalwarts in other fields such as v Sir Tej Bahadur 
vSapru, Sir Ganganatha Jha and Sir C. Y. Chinta- 
mani. The Indian Natonal Congress thrice held its 
session here and for a considerable time this city 
has been the ‘Capital’ of struggling India since the 
A.I.C.C. ‘‘Secretariat” has been located in the 
“Swaraj Bhavvau” for more than fifteen years before 
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Anand Bhawan —Residence of our Prime Minister. 

its present removal to Delhi. The great-hearted 
Pandit Motilal Nehru in 1931 orally dedicated his 
palatial residence (Anand Bhawan) to the service of 
the nation and soon after his death his illustrious son 
executed this gift. In 1942, during the notorious 
Hallett regime, the building was taken possession of 
by the Government and kept in such a neglected con- 
dition that not only many of the rare books and 
valuable national records were eaten by white ants 
but damages that it suffered are now estimated to 
cost about 2 lakhs of rupees for repairs. The building 
is now proposed to be utilized as an All-India 
Children’s Home. 

Public Institutions of Allahabad 

The present importance of the city of Allahabad 
is barely a century old. Along with the transfer of 
capital, the High Court of Judicature whkth came 
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into being, by amalgamation of the Suder Dewany and 
Suder Nizamat Adalats in 1866, finally shifted to 
Allahabad in 1869 and with it came numerous Gov- 
ernment offices. There was then a very rapid growth 
of the city leading to the establishment of the Civil 
Lines with its broad straight parallel roads lined with 
trees and rows of pleasant bungalows. In 1877 the 
administration of Oudh was amalgamated with that 
of the North Western Provinces and the name was 
changed to that of the United Provinces in 1902 when 
this city received a visit from the then Viceroy, Lord 
Curzon. During the Governorship of Sir Harcourt 
Butler, who liked Lucknow so much that he was 
nicknamed the last Naxvab of Oudh, the Legislative 
Council Chamber was erected at Lucknow through 
his initiative, and without the knowledge of the pub- 
lic and since then a landslide movement of Govern- 
ment offices to Lucknow started culminating in the 
transfer of the entire Secretariat to that city. Rc- 
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ccntly, however, the High Court at Allahabad and 
the Oudh Chief Court at Lucknow have been amal- 
gamated and located in this city. Many important 
Government offices that still remain are the Accoun- 
tant General’s Office, The Public Service Commis- 
sion, The Meteorological Observatory, The Director 
of Public Instruction and the Board of the High 
School and Intermediate Education. Allahabad is 
still the capital of U.P. on paper, though Lucknow* 
is the dc facto capital. 

The Allahahad University 

Apart from its religious importance Allahabad, is 
chiefly a city of institutions. Amongst the educa- 
tional institutions, the University of Allahabad is the 
most important. The University originated with the 
establishment of the Allahabad College in 1872 in 
the building now known as the Darbhanga Castle. 
The College was renamed Muir Central College in 
1886 after the then Lt. Governor of the Province, 
when it fvas shifted to its permanent buildings which 
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cost about 9 lacs of rupees raised entirely by public 
subscriptions and took 12 years to build. The 
beautiful stone-faced college building is in the form 
of a quadrangle with a high tower overlooking it. 
The College had all these years been affiliated to the 
Calcutta University but with the passing of Act XVII I 
of 1887 the University of Allahabad was established. 
In the beginning it started as an examining body 
teaching only Law. The passing of the Indian 



Muir Central College and its tower. 

University Act, 1904 (VIII of 1904) empowered the 
University to appoint Professors and Lecturers to 
impart teaching in other subjects too. The founda- 
tion of the Senate Hall was laid in 1910 and soon 
this and the adjacent English and Law Departments 
were built at a cost of over 10 lacs of rupees. In 1921 
the University was reorganized according to the re- 
commendations of the Sadler Commission due to the 
initiative of Sir C. V. Chintamani, then Education 
Minister changing it into a teaching and residential 
one and with the birth of five more Universities viz., 
Benares, Aligarh, Lucknow 7 , Nagpur and Agra, its 
jurisdiction which extended beyond the United Pro- 
vinces of Agra and Oudh into the Central Provinces 
and Bcrar and the States of Rajputana and Central 
India, came to be limited to a radius of 10 miles 
around the Senate Hall. 

The University at present has about 4000 
students but although the number of students have 
increased four-fold (it was only 903 in 1921) since 
its reorganization, there has been practically little in- 
crease in Government grant. This has naturally 
hampered any vigorous growth. In addition to 
various arts and science subjects teaching is also im- 
parted in Military Science and in Agriculture for 
which the Naim Agricultural Institute founded by 
the American Presbyterian Mission is affiliated to the 
degree classes. There is also a special graduate 
course for women. 

In 1923 a separate Women’s Department was 
established mainly for the undergraduate students 
offering the Arts subjects while the Post-Graduate 
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students and those offering the Science subjects 
received their lessons along with men students. 
Recently there has been a phenomenal rise in the 
number of women students and a Women’s Hostel, 
opened by Sreejukta Vijaylakshmi Pandit, was 
erected in 1939 to which a new wing had to be added 
in 1941. The number of inmates number more than 
a hundred. Many of the men students are lodged 
in six commodious hostels while the day-scholars are 
looked after by the Delegacy. The University 
Library was recently extended due to the munificence 
of the Maharajadhirnja Bahadur of Darbhanga and 
at present, houses 1,19,000 volumes of books and 
manuscripts. The University of Allahabad is rightly 
proud of its foremost position and scholarly traditions. 
Among its alumni shines the names of such lumi- 
naries as Sir Tej Bahadur Sapru, Pandit Madan 
Mohan Malaviva, Sir Sunder Lai, PI is Excellency 
Dr K. N. Katju, Pandit Govind Ballav Pant and a 
host of others equally distinguished. In 1937, the 
University celebrated its Golden Jubilee and last year 
amidst scenes of great enthusiasm, the University 
celebrated its Diamond Jubilee during which dis- 
tinguished men from all over the world sent their 
best wishes. It was due to the efforts of the Teachers* 
Association of the University that the first All-India 
University Teachers’ Federation was formed last year 
with the Hon’blc Dr Shy am a Prasad Mocker jee as 
its President and the first meeting was held here under 
its auspices. 

Other Educational Institutions 

Besides this great seat of learning there are a 
host of other educational institutions. Mention may 
be made of the Kayastha Patlisala founded by the 
donations of Munshi Mahabirprasad and managed by 
the Kayasth community and the Tiwing Christian 
College founded by the American Presbyterian 
Mission both of which used to impart post-graduate 
training before the reorganization of the University. 
The Training College which has recently developed 
into an Institute of Pedagogical and Psychological 
research, is the premier institution in the province 
awarding diploma in teaching. The city also teems 
with numerous institutions imparting instruction up 
to the primary and secondary or intermediate 
standards. There are also a number of educational 
institutions meant for girls. The Crosthwaite Girls’ 
College is an old institution which for a number of 
years acommodated the Women’s Department of the 
University. The Prayag Mahila Vidyapitha, esta- 
blished in the year 1922 is an independent institution 
which prepares candidates for the “Vidya Vinodini”, 
“Vidusi” and "Saraswati” examinations recognized 
as equivalent to the Matriculation, B.A. and M.A. 
standards. The Mahila Silpa Bhawan and the College 


of Home Science impart professional as well as voca- 
tional training to the women. 

Amongst the numerous libraries in the town the 
oldest is the Public Library founded in the year 1864. 
Since 1879 it is housed in the Thornhill Maync 
Memorial situated amidst the congenial surroundings 



Thornhill Mavne Memorial housing tiie Public Library 
in the Alfred Park. 

of the Alfred Park. This beautiful building made 
of a superior kind of Chunar sandstone has ornamental 
pillars that came directly from Italy. The total 
number of books is about 60,000 some of which arc so 
valuable that a second copy is not to be found else- 
where in India. This will be evident from the follow- 
ing remarks of our eminent historian Sir Jadunath 
Sarkar — “In some sections such as Parliamentary 
papers relating to India and rare books and pamphlets 
relating to India before 1875, it has a more complete 
collection than any Public Library in India known to 
me.” The Library is also rich in Scientific Periodi- 
cals most of which are shelved from the very first 
year of issue. 

The Hindi Sahitva Sammelan was established in 
the year 1910 for the promotion of the study of Hindi 
literature. It is an All-India Association formed with 
the active support of Pandit Madan Mohan Malaviya, 
Babu Purushottam Das Tandon and also of Mahatma 
Gandhi who opened the doors of its Sangrahalaya 
which is a repository for all books published in Hindi. 
A somewhat similar organization is the Hindustliani 
Academy sponsored by the U. P. Government for the 
spread of both Hindi and Urdu. Bharati Bhawan is 
another Hindi library of importance. 

Thk National Academy of Sciences, India 

Allahabad is justly proud of being the seat of 
the oldest Academy of Sciences in India. Thanks 
to the efforts of Professor M. N. Saha, F.R.S., who, 
while he was Professor of Physics in the University 
of Allahabad (1923-38) put forward a strong plea for 
an Academy of Sciences in U.P. in the October 1929 
issue of the University magazine. There ,Jiad pre* 
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viously been in existence societies catering to the 
needs of particular branches of Science but during 
the Allahabad session (1930) of the Science Congress 
the scientists of U.P. together with other Indian 
scientists resolved “to unite and form themselves into 
a corporate body for the sake of cultivation and pro- 
motion of science in all its branches.’ * The society 
thus formed was known as “the Academy of Sciences 
of the U.P. of Agra and Oudh” with Professor M. N. 
Saha, F.R.S. as its first President. It held its first 
meeting in 1931 but the inaugural meeting could not 
be held till a year later due to the unavoidable 
absence of its Patron, the Governor of U.P. In the 
inaugural meeting messages of goodwill were re- 
ceived from such eminent scientists as Lord Ruther- 
ford, Professor Einstein, Sir Arthur Eddington, Pro- 
fessor Millikan, Sir C. V. Raman, Sir P. C. Ray and 
vSir J. C. Bose. The Academy started to publish a 
bulletin which was soon renamed as Proceedings 
after the model of the publication of the Royal Society 
and till now 16 volumes of both section A and B have 
been published. The Academy was later converted 
into an All-India body and renamed as “The National 
Academy of Sciences, India. ” It has about 250 
Fellows on the roll. 

Another scientific society “The Vijnana 
Parishad” was founded in 1913 to enrich the Hindi 
language with such potentialities as to make it a 
vehicle of scientific thought. Sir P. C. Ray and Sir 
J. C. Bose were life-members of this Parishad while 
the past Presidents include such eminent persons as 
Mahamahopadhyaya Dr Oanganatha Jha, Sir Sunder 
,Lal, Mrs Annie Besant and Sir C. Y. Chintamani. 
During its thirty-six years of useful service it has not 
only continued to publish a monthly journal 
Vijnan since 1915 but has also brought out numer- 
ous books in Hindi on scientific subjects. 

Among other centres of culture mention may be 
made of the Sir Oanganatha Iha Research Institute 
of Indian Philosophy, The Allahabad Archaeological 
Society, Allahabad Culture Centre and the Prayag 
Sangit Samity. Established in 1926 the Prayag 
Sangit Samity is the first institution in U.P. devoted 
to popularization of Indian and classical music. In 
its own building the Samity not only maintains an 
Academy of Music as a teaching institution but also 
conducts examinations in about fourteen centres in 
and outside the Province. It held the first All India 
Music Conference in 1927 and even now during its 
convocation week it holds the same conference every 
other year alternately with a similar conference held 
under the auspices of the Music Association of the 
University of Allahabad. 

The Municipal Museum 

An important repository of art in this city is the 
Municipal Museum which though founded as late 
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as 1931 through the enthusiasm of Pandit Brijmohan 
Vyas, has an exceptionally rich collection of sculp- 
tures, coins and paintings. The collection of sculp- 
tures from Bharhut numbering about fifty three is 
unique and possesses characteristics not noticeable in 
other fragments of Buddhist art. A red sandstone 
statue of Buddha found among the remains of 
Kausambi bears a legend which reads “In the 2nd 
year of the reign of Kanishka (80 A.D.), Bhikkuni 
Buddhamitra put uj> this Bodliisattava at the place 
sanctified by Buddha’s several visits.” This is the 
earliest inscribed image of the reign of the Emperor. 
From the ruins of Bhumra belonging to the Gupta 
period come complete components of a gate with 
various architectural slabs of which the door jamb 
contains a most pleasing and graceful figure of a 
woman standing on a fish -tailed human figure {duck- 
ing fruits from a tree. To the same period belongs 
the remarkable Eka Mukha Siva Linga which accord- 
ing to its discoverer, Mr R. D. Banerji, late Super- 
intendent of Archaeological Survey of India and dis- 
coverer of the Indus Valley civilisation is an epitome 
of grace and is one of the best specimens of sculpture 
of the Gupta art. 

The terracottas of which there are 3000 items 
from Kausambi, form the largest collection from a 
single site. In addition to amorous scenes, abduc- 
tion of Princess Vasabadatta by King Udayana which 
forms the theme of one of Bhasa’s famous dramas is 
also depicted. One fragment contains along with two 
female figures an inscription of two lines in Brahmi 
characters. This is the second inscribed example 
known — the first being the one kept in the Boston 
Museum, U.vS.A. The coin cabinet is rich in currency 
of the first and second century B.C. and contains more 
than 10,000 coins from Kausambi, alone. This has 
brought to light the names of more than two dozen 
kings lost to memory. The beads from Kausambi 
are regarded as “highest watermark in the ancient 
stone-cutter’s art”. 

The section on Paintings contains some master- 
pieces of Irani, Moghul and Rajasthani school in- 
cluding the Rag Ragini set of Jaipur. There are 
about 300 paintings of the Akbar-Jehangir period as 
also a portrait of Emperor Aurangazeb. The Raja- 
sthani pictures according to the members of the Royal 
Academy of London who visited the museum in 
summer of 1947, are the finest and the most repre- 
sentative specimens of the school in, this country. 
For the modern paintings no less than four halls 
have been devoted each to the works of Dr Roerich, 
Asit Haidar, Anagarika Govinda and Sudhir 
Khastagir. The celebrated Russian painter Dr 
Nicholas Roerich in 1938 donated twenty of his best 
group of paintings inspired by the Himalayas which 
are now valued at 3 lakhs of rupees. There are also 



specimens from such celebrated artists as Abanindra- 
rmth Tagore, Jamini Roy and Amrita Sher Gil. 

One of the most valued possession of the museum 
is the Nehru collection to which an entire big hall 
has been devoted. This consists of gifts presented 
to the most illustrious son of Allahabad, Pandit 
Jawaharlal Nehru during his tours in India and 
abroad. This collection will be adored not only as 
a glorious tribute to the personality of this great man 
but also as a symbol of the upsurge of an oppressed 
nation trying to recover its soul. The museum is 
going to be located amidst more congenial surround- 
ings in the Alfred Park where its foundation stone 
was laid last year by Pandit Nehru. During this 
ceremony the Prime Minister announced that this 
museum is going to be one of the best of its kind in 
India and would house the ancient treasure now 
stored in London from where they would soon be 
brought back. 

Amongst the numerous institutions created for 
the benefit of the public, mention may be made of the 
Kami a Nehru Memorial Hospital erected to the 
memory of the worthy consort of Pandit Jawaharlal 
Nehru. Its foundation stone was laid by Mahatma 
Gandhi and it has now grown to be one of the biggest 
hospitals in India for the women. The Alfred Park 
with an area of 133 acres is a beautiful recreation 
ground. The Mayo Hall built in 1879, entirely by 
public subscription at a cost of nearly two lakhs of 
rupees, had been used for all public meetings but 
is not much utilized now owing to lack of sufficient 


accommodation. Employment Exchange offices now 
adorn its compound. In addition to the All Saints' 
Cathedral, the beautiful Roman Catholic Church was 
built in 1879 but the Holy Trinity Church on Motilal 
Nehru Road is the oldest being built long time before 
the Mutiny. 

A large number of societies for social and reli- 
gious services exist in the city, some of the chief 
ones being the Harijan Ashrama, the Leper Asylum, 
the Rama Krishna Math, the Bharat Sewashram 
Sangha, the Seva Safnity and the Social Service 
League of the University. This city is also the Head- 
quarters of the Hindusthan Scouts Association. 

Being an important centre of the printing trade 
Allahabad has always occupied a prominent place in 
Journalism. The “Pioneer" started publication in 
1865 from this city but has now shifted to Lucknow. 
The “Leader", which was for a long time edited by 
the famous journalist Sir C. Y. Chintamani, and the 
Amrita Bazar Patrika are the two English dailies of 
the city. The Indian Press is a very old institution 
which not only brings out the oldest Hindi monthly 
“Saraswati" but also has the credit of being the 
publishers of many of the earliest works of Tagore. 

The writer* is indebted to Dr A. K. Mitra and 
Mr D. D. Pant of the Botany Department, Univer- 
sity of Allahabad, for their help in the preparation 
of this article. 

* Prof. Shri Ran jail, Professor and Head of the Botany 
Department and Dean of the Faculty of Science, Allahabad 
University. Prof. Ranjan is also one of the Local Secre- 
taries of the present session of the Indian Science Congress. 
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K. S. KRISHNAN, 

General President . 

OROFKSSOR SIR K. S. KRISIINAN has had a 
remarkably brilliant career. After completing 
his university education, Krishnan joined the staff of 
the Madras Christian College, but his thirst for higher 
studies and research did not keep him long there. 
In 1923 he joined the band of research students 
working under the inspiring guidance of Professor 
C. V. Raman at the Indian Association for Cultiva- 
tion of Science, Calcutta. Placed in the proper 
environment, Krishnan soon shone out as an enthu- 
siastic and brilliant investigator. In 1928, he was 
appointed Reader in Physics at the Dacca University. 
This post he occupied with distinction for five years, 
and when Professor Raman left Calcutta in 1933, 
Dr Krishnan was appointed to the newly created 
Mahendralal Sircar Professorship of Physics at the 
Association. Professor Krishnan successfully kept up 
the great research traditions of the Indian Associa- 
tion acquired during the leadership of Professor 
Raman. In recognition of his distinguished researches 
in optics, and especially for his study of the influence 
of magnetism of crystals, he was elected a Fellow 
of the Royal Society of London in 1940. In 1942, he 
was invited by the Allahabad University to occupy 
the Chair of Physics to which post he continued till 
1948 when he was appointed as the first Director of 
the National Physical Laboratory, New Delhi. 

The research activities of Professor Krishnan and 
his associates extend over diverse branches of physics. 
During the years 1923-28 he carried out a series of 
important investigations, both theoretical and ex- 
perimental, on the scattering of light, molecular 
optics and Raman effect, in collaboration with 
Professor Raman. While at Dacca, and later at the 
Indian Association, Professor Krishnan initiated and 
conducted with conspicuous success numerous in- 
vestigations on the magnetic properties of crystals, 
the results of which were published as memoirs in 
the Transactions of the Royal Society of London, 
Outstanding investigations on the optical properties 
of crystals and X-ray crystallography have also been 
carried* out by Krishnan and his collaborators. At 


Allahabad, Professor Krishnan built up an active 
school of research carrying out investigations on the 
thermal and electrical properties of metals and 
alloys. 



He first visited Europe when he was invited to 
take part in the International Conference on Photo- 
Luminescence held at Warsaw in 1936. In 1937, he 
toured widely throughout Europe and delivered 
lectures at the Royal Institution in London and the 
Cavendish Laboratory in Cambridge and in many 
other important universities and research centres. 
The Liege University honoured him with the award 
of the University Medal. He visited Europe again 
in 1939 at the invitation of the International Institute 
for Intellectual Co-operation to attend the Inter- 
national Conference on Magnetism arranged by the 
Institute of Strasbourg. In the summer of 1946, he 
went to England as a member of the Indian delega- 
tion to the Royal Society Commonwealth (Empire) 
Scientific Conference. He took part in the third 
annual conference of the X-ray analysis group of the 
Institute of Physics held at London in July 1946. At 
the request of the Government of India, he visited 
also Europe and America to survey the modern 
trends of research in the prominent physical labora- 
tories. He visited U. K. again with other eminent 
Indian scientists in October 1948 and returned on 
December 18, 1948. During his three months’ tour 
abroad, Dr Krishnan visited various atomic energy 
research stations in France, Sweden, Switzerland, and 



the U. K. and made a thorough study of latest deve- 
lopment in atomic research* While in Paris, he parti- 
cipated in the annual conference of eminent French 
physicists which was organized by the French 
Academy ol Science. Dr Krishnan is a Member of 
the ‘Atomic Energy Commission* set up by the 
Government of India and earlier he was a member 
of the Board of Research on Atomic Energy and served 
in a number of scientific committees sponsored by the 
Government of India. 

Besides being a Fellow' of the Royal Society of 
London, Professor Krislman is a member of many 
scientific societies in India and abroad. He is a 
Fellow of the National Institute of Sciences of India, 
a past-President of the National Academy of Sciences 
of India, and of the Physics Section of the twenty- 
seventh session of the Indian Science Congress held 
at Madras in 1940. lie was knighted in 1946 and 
the Degree of Doctor of Science, Honoris Causa , was 
conferred on him last year by the Delhi University, 
both in recognition of his services to the cause of 
Indian science. Simple and unostentatious as he is, 
Professor Krishnan is a gifted lecturer, noted for his 
profundity of ideas and clarity of expression. 


U. S. NAIR 

President, Section of Statistics 

I JNNI NAIR vSIVARAMAN NAIR was born in 
January 1904 in a small town in North Travan- 
core and had his school and college education at 
Trivandrum. After taking the Master’s Degree in 
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Mathematics he joined the Maharaja’s College at Tri- 
vandrum as a lecturer in 1925. He taught Mathema- 
tics to the Pass and Honours students till 1935 
and then joined the Statistics Department of 


the University College, London, as a research stu- 
dent. He took the Doctorate Degree in 1937 — his 
main work being on the “Application of Mcllin 
transform to problems of Distribution”. 

When lie returned to Travancore, the State Uni- 
versity was being organised and he was entrusted 
with the teaching of Mathematics and organisation 
and guidance of research and teaching in Statistics 
in the new’ University. He had also to serve the 
Travancore Government as Statistical Adviser in 1944. 
A separate Division was formed in the University for 
Statistics and Dr Nair was appointed Professor and 
Head of this Division. The Division of Statistics 
worked in two directions, (i) teaching and research 
for post-graduate students and (») Statistics Bureau 
working as a service agency for the people and the 
State. The data that conies to the Bureau is being 
handled by the students under guidance. 

Dr Nair has had considerable experience in 
teaching of Mathematics and Statistics and has been 
on various University and technical bodies in India. 
Dr Nair has a number of research papers to his 
credit and under his guidance a number of research 
papers have been contributed by his students. He 
is a Fellow of the National Institute of Sciences of 
India. 


R. S. KRISHNAN 

President , Section of Physics 

|3R0FKSS0R R. S. KRISHNAN was one of the 
first research scholars who joined the newly 
opened Department of Physics in the Indian Institute 
of Science, Bangalore, in 1933, under Sir C. V. Raman. 
There lie carried out important investigations on the 
scattering of light in colloids and liquid mixtures and 
it is now clearly recognised that the reciprocity rela- 
tion in light scattering (know as the “Krishnan 
Effect”) formulated and established by him as a 
result of the long series of investigations in 1933-38 
on the scattering of light in diverse media, is of 
fundamental importance in optics and is of the 
widest generality. In 1938, he was awarded the 
1851 Royal Exhibition Scholarship as one of the first 
Indian recipient of this award, and joined the Caven- 
dish Laboratory at Cambridge to work on artificial 
radioactivity. During his stay at Cambridge, Dr 
Krishnan was a member of the Trinity College and 
in the year 1939-41 he was in full charge of the Caven- 
dish Cyclotron and gained first hand experience on 
the fission of heavy elements. Numerous papers have 
been published by him in the Proceedings of the 
Royal Society of London and the Cambridge Philo - 
sophical Society on the deuteron induced reactions in 
heavy elements including Thorium and Uranium and 
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his work elicited the highest praise from the leading 
authorities in the field. In 1942, he returned to 
Bangalore and has since been carrying out investi- 
gations on Crystal Physics both from X-ray and 
Spectroscopic standpoints. The results obtained by 
him so far have opened out a completely new and 
vast field of research in Crystal Physics which point 
unmistakably to a new understanding of the solid 
state. His outstanding contribution is the successful 
recording for the first time of the second order Raman 
Spectra of many crystals like diamond, rock salt, 
potassium bromide, ammonium halides, etc., which 
are of the greatest significance in relation to the 
theory of the vibrations of crystal lattices. 




$y . s, 



Dr Krishnan is a member of many learned socie- 
ties both in India and abroad. He was elected a 
fellow of the American Physical Society in 1941 
being the second Indian to be so honoured. In 1943, 
he was elected a Fellow of the Indian Academy of 
Sciences. He succeeded Sir C. V. Raman as Profes- 
sor and Head of the Department of Physics in the 
Indian Institute of Science in 1948. 


P. B. GANGULY 

President, Section of Chemistry 

P. B. GANGULY was born in 1897 and had his 
early education at Queen’s College, Benares. 
Later he studied at the Muir Central College, Allaha- 
bad, and secured a First Class M. Sc. Degree in Che- 
mistry standing first in the University. He was 
awarded the Victoria Jubilee Memorial Research 
Scholarship and worked under Professor N. R. Dhar 
of Allahabad University. In 1923, he joined the Sir 
William Ramsay Chemical Laboratories and obtained 
his D.Sc. Degree from the London University, He 


later went to Germany and worked under Professor 
Max Bodenstein al the Physikalische Chemisehes Ins- 
titute of the Berlin University. 



In 1927, Dr Ganguly was appointed a lecturer 
at the Indian Institute of Science, Bangalore, and a 
year later he joined the Patna Science College, as 
Professor of Physical Chemistry. I)r Ganguly has 
been engaged in research on Colloid Chemistry for 
the last twentysix years and among other topics has 
done fundamental work on silica gel and the consti- 
tution of silicate solutions. 

Dr Ganguly is a fellow of the National Institute 
of Sciences of India and is now the Principal, Science 
College, Patna. 

He rendered conspicuous services as Local Secre- 
tary, of the Indian Science Congress held at Patna 
last year. 

C. MAHADEVAN 

President , Section of Geology and Geography 

PROFESSOR CALAMUR MAHADEVAN was 
born on 6th May, 1901. He took his B.A. (Hons.) 
and M.A. Degrees from the Presidency College, 
Madras in 1925 and 1927 respectively. 

Dr Mahadevan worked under Professor Sir C. V. 
Raman, from 1925-31 and got his doctorate from 
the Madras University in 1932. From 1927-30 be 
was a Madras University Research Scholar, in 1931 
Von Humboldt Foundation Fellow and in 1930-31 
Dharbanga Research Fellow. He acted as Geologist, 
Hyderabad Geological Survey from July 1931 to 
February 1945. 

Professor Mahadevan is a Fellow’, of the National 
Institute of Sciences of India, Indian Academy of 


Sciences, National Academy of Sciences of India, 
Geological, Mining and Metallurgical Society of India 
and Palacobotanical Society of India. 

lie lias over 80 Research Papers on X-ray Study 
of Coals and Associated Products, Radioactivity, Iico- 
nomie Geology, Petrology, Engineering Geology, 
Water supply, Mineralogy, Palaeobotanv and Geo- 
politics. 





He is at present Head of the Department and 
University Professor of Geology, Andhra University, 
Waltair where he is also the Director of research in 
Geology. He is conducting a scheme of research on 
the Age of the Earth sponsored by the “Measure- 
ment of Geological Time Sub-committee” of the 
Council of Scientific and Industrial Research, Govern- 
ment of India. 


M. S. RANDHAWA 
President , Section of Botany 

QREE M. S. RANDHAWA was born on 2nd 
February, 1909 at Zira in the District of Feroze- 
pore (Punjab). He matriculated from Khalsa High 
School, Muksar, (District Ferozcpore) in 1924 and 
obtained a first class B.Sc. (Hons.) degree in the 
Honours School of Botany, in 1929 from Government 
College, Lahore. He also obtained a first class M.Sc. 
degree on a thesis on Fresh-water Algae of the Punjab. 

Sree Randhawa entered I.C.S. in 1932, and was 
posted at Saharanpur in October, 1934. He made 
an extensive collection of Algae at Saharanpur, 
Fyzabad, Almora and Allahabad. From 1934 to 
1940, he was posted at Allahabad as Additional Col- 
lector and District Magistrate, from 1940 to 1941, at 
Agra as Collector and from 1941 to 1945 as Deputy 
Commissioner of Rae Barelli. Sree Randhawa was 


appointed as Secretary of the Imperial Council of 
Agricultural Research in March 1945 and continued 
in that post till November 1946, when he was ap- 
pointed as Deputy Commissioner of Delhi during a 
very critical period. He is now posted as Deputy 
Commissioner at Arnbala. 



ii* 

Sree Randhawa has published 32 original papers 
on Fresh -water green Algae of North India in 
various botanical journals in India as well as abroad, 
and edited ‘Developing Village India’- -an authentic 
publication on Rural Development, published by the 
I.C.A.R. 

Sree Randhawa is a Fellow of the National Insti- 
tute of Sciences of India (and of which he was a 
Treasurer in 1948), a Fellow of the National Academy 
of Sciences, India, a Vice-President of the Indian 
Botanical Society, Indian Society of Plant Breeding 
and Genetics and the Indian Statistical Society. 


M. L. ROONWAL 

President, Section of Zoology and Entomology 

JJONY. MAJOR DR M. L. ROONWAL was born 
on 18th September, 1908, at Jodhpur, Rajputana, 
where he received his early education at the Darbar 
High School. He took his B.Sc. (Hons.) in 1929, and 
M.Sc. (Hons.) in 1930, both from the Lucknow Uni- 
versity and Ph.D. in 1935 from the Cambridge Uni- 
versity, being in residence at the Emmanuel College, 
Cambridge. He was the Lucknow University Re- 
search Fellow in 1930 ; and the Alexandei^von Hum- 


[ 13 i] 


boldt Foundation Scholar, Berlin University, in 1934, 
working in the Kaiser Wilhelm Institut fur Biologic, 
Berlin-Dahlcm. For several years he served on the 
locust research staff of the Indian Council of Agri- 
cultural Research, first in Ly allpur and later as 
Officer-in-Charge of the Locust Field Research Labo- 
ratory at Pansi, Baluchistan Coast. In 1939, he 
joined the staff of the Zoological Survey of India, 
where he is in charge of the Birds and Mammals divi- 
sion of the Survey. During the war he served as 
Major, in the 15th Punjab Regiment of the Indian 



Land Forces, in the South Hast Asia War Theatre, 
and was made Honorary Major on demobilisation. 
Dr Roonwal is a Fellow of the National Institute of 
Sciences of India and is the Secretary of the Zoologi- 
cal Society of India. He is the author of several 
research papers published in the Transactions of the 
National Institute of Sciences, the Philosophical 
Transactions and the Proceedings of the Royal So- 
ciety of London, and other standard scientific perio- 
dicals. He is distinguished for his work on Ento- 
mology, specially Arthropod embryology and vari- 
ability and population studies on locusts ; and on the 
field ecology and systematics of mammals. 


M. B. SOPARKAR 

President , Section of Medical and Veterinary 
Sciences 

T\R SOPARKAR after graduating from the Bombay 
^ University in 1906 worked for sometime as the 
Chief Medical Officer in an Indian State . Later he 
was successively a Fellow and a Tutor of the Grant 
Medical College and Clinical Registrar, and Honorary 
Assistant Physician at the J. J. Hospital, Bombay. 
In 1911^»Dr {Soparkar took the degree of Bachelor of 


Hygiene of the Bombay University and in 1913 he 
obtained the M.D. Degree. 

Dr Soparkar was an Honorary Research worker 
on Tuberculosis for two years at the Haffkine Insti- 
tute, Bombay, and later held the post of an Officer 
in the Imperial Bacteriological Department (now 
Medical Research Department) which till then was 
reserved for officers of the I.M.S. alone. 



In 1918, Dr Soparkar devised a special medium 
(Soparkar ’s Medium) for the cultivation of the Influ- 
enza bacillus. 

After the first World War when many Indian 
soldiers infected with human Schistosomes returned 
to India, Dr Soparkar investigated the problem of the 
likelihood of the disease spreading in India. He 
found larval forms of several trematode parasites in- 
cluding animal Schistosomes which he studied and 
described in detail. 

Dr Soparkar described the method of cultivation 
of the tubercle bacillus and studied the vitality of the 
organism under natural and artificial conditions and 
the channels of spread of the disease in human beings. 
He also studied the various aspects qf animal tuber- 
culosis. In 1920, he was appointed Assistant Director 
(Acting), Haffkine Institute, Bombay. 

In 1922, Dr Soparkar was appointed Offg. Assist- 
ant Director at the Central Research Institute, 
Kasauli. Here he described a new species Cetcaric 
Palialensis sp. nov. 

In 1923, Dr Soparkar was deputed to the Imperial 
Institute of Veterinary Research, Mukteswar, to work 
on problems of animal tuberculosis as Officer-in- 
Charge, Bovine Tuberculosis Inquiry Scheme under 
the Indian Research Fund Association. There he dis- 
covered for the first time that tuberculosis among 
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animals was not a rare disease in India. He also 
demonstrated that the bacillus causing bovine tuber- 
culosis in India was highly virulent, lie has also 
worked on various aspects of tuberculosis in man. 

When the head-quarters of the Tuberculosis In- 
quiry wire moved to the Ilaffkinc Institute, Dr Sopar- 
kar carried out tuberculin surveys among different 
groups of population. 

In 1035, Dr Soparkar was appointed Assistant 
Director, Ilaffkinc Institute and worked on Plague. 
1 1 is woik includes investigations on Cholera at the 
King Institute, (1 windy, Madras. 

Dr Soparkar was awarded the Dossal >hoy Hor- 
musjce Cama Bombay University prize in 1914 for an 
e-say on Helminthiasis and the ‘Minto Gold Medal* 
for Medical Research in India in 1927. He was also 
the recipient of King* George V. Silver Jubilee Medal. 
Dr Soparkar is a Fellow of the National Institute ol 
Sciences of India. 


R. S. VASUDEVA 

President , Section of Agricultural Sciences 

Jj^R R. S. VASUDEVA is one of the scions of a 
distinguished family of the Punjab. Born in 
1905 at Sahiwal, District Sargodha, Dr Vasudeva re- 
ceived his early education in the D.A.V. School and 
later graduated from the Government College, 



Lahore, in 192C with Botany and Zoology as his 
special subjects. He proceeded to England in 
1927 for advanced training in Mycology and 
Plant Pathology at the Imperial College of Science 
and Technology, London, under the guidance 


of Dr W. Brown, F.R.S. and in 1929 obtained the 
Ph.D. Degree of the London University and Diploma 
of the Imperial College of Science for his original 
investigations on the physiology of parasitism of cer- 
tain fungi and antibiosis. He continued to work in 
the same laboratories up to 1932 and extended his 
researches on the physiology of parasitism. During 
this period he also worked as Research Assistant to 
Dr W. Brown and visited leading agricultural insti- 
tious in Great Britain and on the Continent. On his 
return to India in 1932, he was appointed Mycologist 
for investigation of cottin root -rot (a soil-borne dis- 
ease) which was responsible for an annual loss of 28 
lakhs of rupees in Punjab alone. The work was suc- 
cessfully completed in 1940 and simple measures of 
control were evolved. The work was greatly appre- 
ciated both by the Punjab Government and the Indian 
Central Cotton Committee. In 1940, he was appointed 
as Assistant Plant Pathologist at the Imperial Agri- 
cultural Research Institute and later as Plant Patho- 
logist where he undertook investigation on Virus dis- 
eases of plants, particularly those of Solanaceous 
group. On the merits of his valuable researches, the 
London University admitted him to the Degree of 
Doctor of Science in Plant Pathology. l)r Vasudeva 
is now the Head of the Department of Mycology and 
Plant Pathology at the Indian Agricultural Research 
Institute, New Delhi. 


B. B. SARKAR 

President, Section of Physiology 

T)R B. B. vSARKAR, Head of the Department of 

Physiology at the Calcutta University, was born 
in 1895. His parents settled in Darjeeling where his 
lather late Dr Bepin Behari Sarkar was a medical 
practitioner and his mother late Hcmlata Devi, 
(daughter of the notable Brahmo leader late Pandit 
Sivanath Shastri) was the founder of the Maharaui 
Girls’ School, Darjeeling. 

Dr Sarkar received his early education at Santi- 
niketan and later at Darjeeling. He graduated from 
the Presidency College, Calcutta, where he worked 
for a couple of years as a Demonstrator in the Physio- 
logical Laboratory before proceeding to England after 
taking his M.Sc. degree in 1918. 

From 1919 to 1929, he worked in the same capa- 
city at Edinburgh University and was admitted to 
the D.Sc. Degree in 1921. He was elected a Fellow 
of the Royal Society of Edingurgh. Some of the 
results of his investigations were published in the 
Proceeding of the Royal Society , and he established the 
identity of a new Ganglion in the vagus nerve which 
was later named after him as “Sarkar’s Ganglion*’. 
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In 1928, he proceeded to England again and car- 
ried on further researches in Physiology. After his 
ieturn from England in 1922 Dr Sarkar joined the 
Post-Graduate Department of the Calcutta University 



and in 1940 he succeeded Professor S. C. Mahalanobis 
as Head of the Department. lie took a leading part 
in the organization of the Physiological Society of 
India, of which he is a past President. 

T. K. N. MENON 

President , Section of Psychology and 
Educational Sciences 

T>()RN in 1905, Principal Menon was educated in 
the Presidency College, Madras, and later in 
the Universities of Leeds and Berlin. He travelled all 



over Europe and was invited to attend the Inter- 
national SUmmer School at Geneva as a Group Dis- 
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cussion Leader. On his return to India Mr Menon 
was awarded a Research Fellowship in Education and 
Psychology by the University of Madras. Later in 
1935 he joined the Teachers* Training College, 
Baroda, as a Professor, and of which he is the Prin- 
cipal since 1939. He is also a recognised Professor 
of the Bombay University. 

Professor Menon was the Chairman of Secondary 
Education Committee appointed by the Government 
of Baroda to report on Secondary Education in the 
State. He is the Editor of “Journal ot Education 
end Psychology”, Baroda, and author of several 
papers on subjects in Education and Psychology com- 
municated to various journals in India. 

M. SEN GUPTA 

President , Section of Engineering and Metallurgy 

PROFESSOR MONORANJAN SEN GUPTA was 
born on 28th June, 1903, at Rangpur in Bengal. 
After graduating from the Calcutta University, he pro- 
ceeded to England and got the B.Sc. in Engineering 
of the Glasgow University with First Class Pious, 
in Electrical Engineering in 1930. He won the class 
prize standing first in order of merit while studying 
Aeronautical Engineering at the Glasgow University, 



Professor Sen Gupta had considerable practical 
experience at Metropolitan Vickers Electrical Co. 
Ltd., Manchester, for three years. He has published 
several papers. Professor Sen Gupta is now the 
University Professor and Head of the Department of 
Electrical Engineering and Principal, Benares Hindu 
University. 
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He served as Professor and Head of the Depart- 
ment of Electrical Engineering, Bengal Engineering 
College, Sibpur, lfowrah, from 1934-44. 

Professor Sen Gupta is a Member of the Insti- 
tution of Electrical Engineers, London, Institution 
of Engineers, India and a Fellow of the Indian 
Physical Society. 

During the war, Professor Sen Gupta was res- 
ponsible for the training of war trainees and personnel 
and following the war served as a member of the 
Development Board of the Government of Bihar. 


NIRMAL KUMAR BOSE 

President, Section of Anthropology & Archaeology 

OR EE NIRMAL KUMAR BOSE was born on 22nd 
^ January, 1901. A scholar in the Matriculation 
examination, lie took his B.Sc. with a First Class 
Honours in Geology from the Presidency College, 
Calcutta, in 1921. While a student in the Post- 
Graduate Geology class he joined the Non-coopera- 
tion movement launched by Gandhi ji and left the 



college which was a Government institution. He 
joined the National Muslim University at Aligarh 
where he was entrusted with the work of teaching 
Petrology which was his special subject in his Post- 
Graduate studies. Subsequently, he joined the 
Calcutta University and took his Masters* Degree in 
Anthropology in 1925, topping the list of all the 
successful candidates in all branches of .science. He 
was awarded the University Gold Medal, the Hem 
Chandra Gossain Gold Medal and the Brahma Mohan 
Mallik Gold Medal for his brilliant result. {Since 
then he has been engaged in research work all these 
days whenever he could make time amidst his pre- 
occupations with political and social activities. 


He first chose social Anthropology as his field 
of research and one of the earliest papers contri- 
buted by him was the “Spring festival of India**. 
Subsequently lie took to Archaeology, particularly 
the architecture of ancient India as recorded in the 
temples. One of his outstanding works, entitled 
'Canons of Orissan Architecture* has commdnded 
wide appreciation. In addition to studying Orissan 
temples he made a detailed investigation of the temple- 
architecture throughout Northern India, including 
the Kangra Valley in the Punjab, Rajputana, C. P. 
and Central India. One of the original contributions 
made by him is with regard to the chronometric 
dating of these temples and the working out of the 
successive waves of architecture style diffusion from 
regional centres with the help of isoplcths. He was 
awarded the Rampran Gupta Prize by the Bangiya 
Sahitya Parishad for his contributions in this field. 

While engaged in these researches, Sree Bose 
had also to respond to the frequent calls of the country 
and courted imprisonment in 1932. It was in 1938 
that he joined the Anthropology Department of the 
Calcutta University and built up a school of Pre- 
history in which he developed considerable interest. 
Under his guidance and supervision the Department 
conducted investigations of some sites in Mayurbhanj 
and the results have just been published in a mono- 
graph bv the Calcutta University entitled “Excava- 
tions in Maynrbhanj , \ 

There was yet another interruption in his work 
when he, on<pe again, found himself in the stream 
of August revolution. He had been acting on the 
editorial board of Bengali version of the ' Harijan * 
and was sent to prison in August 1942. Released 
in 1945, he joined the Department of Geography of 
the same University as teacher in Human Geography 
where he is engaged in building up a school of 
Anthropo-Geographv. He is the Honorary Secre- 
tary of Calcutta Geographical Society. 

Sree Bose is also a keen student of Gandhian 
literature and has interpreted Gandhiji to the general 
readers. Two of his widely known publications are 
'Studies in Gandhism* and 'The selections from 
Gandhi*. It may be recalled here that all through 
the stay of Gandhiji in Bengal in recent years he 
was chosen by Gandhiji to act as his Secretary and 
Interpreter. Sree Bose is also a literateur of repute, and 
contributes frequently to the well known periodicals, 
English and Bengali. One of his travelogue, 
f, Paribrajaker Diary ” , replete with his deep apprecia- 
tion of the varied facets of human character is a 
valuable contribution to the Bengali literature. 

Sree Nirmal Kumar Bose, as is expected of him, 
is keenly interested in adult education and Harijan 
work and has himself started a school for the purpose 
in Birbhum District. c 
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THE FUNDAMENTALS OF RURAL HEALTH 


TXEAI/fH is a major basis of human progress, 
and its lack is otic of the causes that lead to 
national decay. Other things being equal, good 
health makes for physical efficiency, bodily comfort 
and a sense of well-being and it develops energy, 
alertness and keenness. On the oilier hand, sickness 
and death bring many, evil results, such as poverty, 
crime, laziness, inadequate output of work, broken 
homes, hopelessness and despair. The maintenance 
of an adequate standard of physiological health and 
fitness is, therefore, of the greatest importance in a 
free country. 

India’s health status has been low for many 
decades, so also her standard of living. Successive 
scientific discoveries and their application in Western 
countries seem to have had little effect on our 
country. The lack of a scientific outlook, inadequate 
investigations by the administrative authorities in 
developing suitable methods of organisation and the 
lack of a national policy of co-ordinated planning 
have been responsible for much of India’s backward- 
ness. It is a matter of great pity that, in spite of 
our being masters in our own home for nearly a 
year and a half now, we have not yet been able to 
change the old outlook, the old administrative frame- 
work and the old methods of work which were, 
perhaps, more suited to the objectives of a foreign 
Imperial administration. 

It has been seen in other countries that the 
raising of the standard of living with regard to food, 
clothing, housing, education and social security has 
eliminated a large proportion of ill health, and that 
with regard to the remainder the improvement of 
environmental sanitation and working conditions has 
Covered a substantial ground. We, therefore, agree 
with the views of the author of the paper on “ Rural 
Health Planning”, published in the present issue of 
our journal, when he Says that “no improvement in 


health can be achieved without the simultaneous 
development of the programme of national recon- 
struction in the fields of agriculture, animal hus- 
bandry, education, commerce and industry, housing 
and the improvement of communications— factors 
which are essential for improving the standard of 
living of the people.” 

With the impact of science on society, our social 
structure is changing and is bound to change further 
with industrialisation of the country. India is at 
the cross-roads now and we have to think whether 
we shall allow matters to drift or we should plan and 
re-organise our community life in terms of our con- 
ception of life and democratic ideals. There is no 
doubt that we should accept the latter alternative in 
re-organising our community life in urban and rural 
areas. This is how we can avoid some of the evils 
of industrial civilisation in the West. » 

Since over qo per cent of our pbpulation still 
reside in the villages, since qo per cent of the indus- 
trial labour in the country is drawn from rural areas 
where they return during harvest time and since the 
development of rural areas will lead to an all-round 
increase of national wealth and an equitable distri- 
bution of the same, planning should begin from rural 
areas, which had hitherto been neglected. An idea 
can be had when it is stated that the expenditure on 
medical and public health protection in urban areas 
which represent t / 1 5th of the population, before the 
last war, was eight times that in rural areas. 

Years of slavery, leading to long-continued pre- 
valence of adverse socio-economic conditions with 
consequent high rate of sickness among the rural 
population, have brought about a spirit of passive 
acceptance of various evils as inevitable. The attain- 
ment of freedom has not yet been able to remove 
this attitude of apathy and frustration and to traus- 
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form it into a dynamic desire and active co-operation 
with our own Government as is to be expected from 
responsible citizens. The' mental outlook of this 
type of population cannot be changed without eco- 
nomic development and the extension of social 
services, vSincc the acquisition of health and educa- 
tion is purchasable at a much higher cost than our 
present income pa capita or taxation would allow, 
part of this purchase has to be effected in kind, 
/.**., I\v the willing participation of the citizens in 
developing community programmes. How quickly 
the improvement can be effected, will depend a good 
deal on the geographical region and the social status 
of its population. The development of multipurpose 
co-operative societies has been suggested as one of 
the procedures for promoting the necessary spirit of 
co-operation and self-help. Perhaps, each unit of 
population groups may need study and varied treat- 
ment. It is for this reason that we support the idea 
of having a Pilot Centre in each unit of population. 
The minimum population which can be effectively 
managed can 1 e found out by a geographic and social 
study survey. With such wide variations in social 
anthropology and other characteristics of population 
in different areas and in the requirements of these 
areas, it seems to 11s that the idea of having a Pilot 
Centre for each unit which can act not only as the 
Control Centre for survey and experimentation but 
also as the Centre for projection and co-ordination 
of activities. 

A good deal of the success of the scheme will 
depend on how we utilise the dormant population 
of each village. Preliminary work in several parts 
of the country has indicated that the villagers are 
not interested in any scheme where their economic 
improvement is not planned for. A rough planning 
programme may be drawn up by experts at a higher 
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level to permit of minor alterations as a result of 
survey at the peripheral units. The object of such a 
plan will be to prepare a stage-wise scheme to enable 
the population ultimately to take over from agricul- 
tural to technological economy. 

The responsibilities of citizenship and co-operative 
effort can best be stimulated by including the adult 
population of each area into a General Committee, 
the able-bodied members of which must agree to 
render voluntary service for a certain number of 
days in the year. This body will elect one member 
from each village or part of a village in order to cover 
up the whole area and form the Executive Council. 
This will bring self-government right down to the 
level of individual villages. Governmental parti- 
cipation, study, experimentation and co-ordination, 
along with training of personnel, will be carried out 
through the Pilot Centre in each unit. The nearest 
approach to this scheme has been visualised in the 
U. P. Gaon Hukumat Bill, iQ4b. Mahatma Gandhi’s 
“Samagra Gram vScva” scheme can also be considered 
in this connection. 

Wc have published schemes 011 rural planning 
from time to time. We commend the paper on Rural 
Health Hanning, published in the present issue, to 
the serious perusal of all administrative authorities 
and patriots. We have to seriously think how vve 
can raise the income per capita of the people to 
four times their present level in order to give them 
the minimum requirements of positive health, how 
to plan and locate cottage and large-scale industries 
and attend to the associated housing and recreational 
problems, how to utilise the natural resources of the 
country and how to develop a type of healthy and 
educated citizens who can best illustrate the cultural 
trends in India and thus take their position of leader- 
ship not only in SCIENCE but also in CULTURE. 
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INTEGRATED RURAL HEALTH PLANNING* 

A. C. UKIL, 

lately I'HiNxrm, medico college, Calcutta 


planning for the health uplift of a community 

is possible without a consideration of the topo- 
graphy, soil study, the raising of food, weather con- 
ditions, population (men and cattle), water supply, 
drainage, industry, education, and economic and 
cultural backgrounds of the community. A survey 
of these factors is necessary before any planning is 
undertaken. It will be found that in most spheres, 
the deviation from physiological health is related to 
problems connected with housing, clothing, physical 
cleanliness, drainage, water supply, disposal of 
sewage, household refuse and manure and the con- 
tamination and poverty of food-stuffs. The back- 
wardness of India in the proper evolution of public 
health must be accounted for either by the progress 
of science not being applied to the prevention of 
diseases, as has been done in advanced countries, or 
to a wrong application of the same. 

In Western Kuropean countries, like Britain and 
Germany, successive scientific advances enabled a 
fuller apprehension of positive health which pro- 
foundly affected the action of State-craft. Political 
and economic advances were followed by legislation 
and State action leading to improvement of working 
conditions and occupational hygiene, school health 
including the provision of school meals and preven- 
tive treatment of defects, the prevention of maternal 
and infant mortality, health, unemployment, old 
age and invalidity insurance, immunisation against 
diseases, the provision of adequate and safer food 
and the prevention and care of mental deficiency, 
tuberculosis, venereal diseases and cancer. Subsi- 
dised housing and town planning schemes made it 
possible for the eradication of slums, the construction 
of sanitary dwellings, the provision of cheap-rental 
houses and the abatement of overcrowding, which 
resulted in a great improvement in sanitation and 
cleanliness. This programme was accompanied by 
the establishment of a large variety of institutions 
and supply of trained personnel. . 

Public health has been described in America as 
a “purchaseable commodity”. Modern public health, 
which is an integral part of the social services like 
education, agriculture, animal husbandry, coopera- 
tion and industries, has to lie paid for. Great Britain 
sjiends 18*2% of the revenue for education and 
22,' 1% for medical protection. Is it possible for India 

* Address delivered at an < Irdinary Meeting of the 
National Institute of Sciences of India held on 5-3-48 at 
Calcutta. 


to make a purchase of the same standard with 8 ’4% 
of the revenue for education, .V4% for medical pro- 
tection and only 1*7% for the improvement of agri- 
culture and animal husbandry? No improvement ill 
health can be achieved without the simultaneous 
development of the programme of national reconstruc- 
tion in the field of agriculture, animal husbandry, 
education, industry, housing and the improvement of 
communications— factors which are essential for im- 
proving the standard of living of the people, without 
which the improvement ot health will be a fleeting 
objective, at least in the rural areas. This integrated 
development will be found to be possible with the 
least expenditure by the establishment of multi- 
purpose cooperative societies to act in the different 
spheres of social activity, as 80% of the programme 
will have to be executed and practised by the people 
and 20% by the State services of the regional unit, 
although I admit that the State must ultimately pro- 
vide for a social machinery to assure living standards 
adequate for the maintenance of health. Through 
this programme the people will learn the spirit of 
co-operation and self-help, thereby contributing their 
share in kind what richer countries have been able 
to accomplish bv cash purchase . No health pro - 
giammc, therefore , can be sponsored and tarried out 
icithout simultaneous development in other spheres 
of human activity intended to improve the standard 
oj living. Since only 7 to 8% of the population 
belongs to urban areas, we shall try to estimate the 
requirements of rural areas primarily. The urban 
areas receive much more from the provincial exche- 
quer than it is their due. Their sanitation and health 
programme needs special treatment and is much more 
expensive, but the municipal and industrial areas can 
raise money for health and social welfare more easily 
than rural areas. 

Topography and Social Anthropology 

Take the question of West Bengal : Out of 13 
districts excluding Calcutta, the population varies 
between 0 4 to 1 million in 5 districts, between 1-2 
millions in 6 districts and 3‘x to 3 ' 6 millions in two 
districts (Midnapore and 24 Parganas), excluding 
Calcutta which registered a population of 21 millions 
during 1941 Census. Kadi District is made up of 2-5 
Subdivisions, with a population varying between 2-8 
lakhs. 3-T2 Thana areas constitute a Subdivision. 
The population of the thanas or police areas varies 
between 1,259 to 200,000, but the majority lnve a 
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population of 40,000 to So, 000. There are 2; 8 thanas. 
The smallest administrative unit at tile periphery is 
the Union Board which has a population varying 
between 5,000 to 20,000. The area covered by an 
Union Board with a population of 10,000 is appro- 
ximately 15 sq. miles. The male and female popula- 
tion is approximately equally balanced. One-third of 
the population is constituted by children under 10 
years. In sponsoring programmes of reform, a study 
of the topography of the area, the social anthropology 
of the population, economics, communications, health 
status and other factors should he made before the 
programme is put into operation. 


Estimated Sickness Rates 

I have before me the Report of 4 vSurveys — one 
done at Closepet (Mysore) by the Rockefeller Founda- 
tion, one by the Bhopal State, a third and a most com- 
prehensive one by the All-India Institute of Hygiene 
and Public Health at Sin&ur analysed by Lai & Seal 
(1944), and the fourth by us at Bratacharigram. The 
average sickness rate may be taken at 15%, of which 
83% is of a minor nature, indicating indifferent health 
and some symptoms of mal-nutrition which can, how- 
ever, he attended to at a Health Centre, if this is not 
far from the domicile of the patient. 13% will be 
found to be “chronically suffering” from illness and 
will need either hospitalisation or domiciliary treat- 
ment for some time and 4% will be found to be 
“acutely ill” requiring immediate hospitalisation in a 
well-equipped and efficient hospital. If we take a 
population unit of 10,000, it follows that at any given 
time, 150 persons will be found to be “acutely ill”, 
250 “chronically ill” and 1,000 in “indifferent health 
but requiring attention”. In such a unit, 200 delivery 
cases are expected to occur every year, of which 10% 
may be abnormal, only one-third of which, again, can 
be tackled by a trained midwife. 

The very able and illuminating analysis of data 
collected at the Singur Health Unit (West Bengal) by 
Lai & Seal (1944) showed that 12% of the popula- 
tion were unwell at any given time, of which 1% 
were acutely ill, 2% chrbnically ill and over 8% in 
indifferent health. As regards the incidence of 
diseases, malaria constituted 61%, measles 10%, 
xliarrhoeas and dysenteries 3*8%, other fevers i%, 
typhoid fever, influenza and pneumonia each o‘6% 
of the total sickness. 44% of the population har- 
boured hookworm and 37% roundworms. The 
disease rate was found to be the highest in infancy 
(96% during the first year of life), quite high in the 
lower age groups (44% among school children) and 
to gradually decrease with age. 40% of the popula- 
tion showed clinically recognizable malnutrition, in- 
cluding vitamin deficiencies. 


The poor educational and economic status of the 
population, uneconomic holdings, unhygienic hous- 
ing and extremely unsatisfactory environmental con- 
ditions made matters worse. 

The average duration of disabling illness was 
found to be 50 days or nearly 2 months per sick 
person or iq‘0 days per head of the population. For 
each death that occurred, 800 man-days were lost 
through sickness. The largest number of man-days 
lost per head was in school children. Thus the total 
man-days lost among 10,000 population were 2,19,000. 
The economic implications of such a large amount 
of wage-loss mean a colossal loss to the country. 


Planning ok a Health Unit kok 10,000 Rural 
Population 

One must accept the dictum that the health 
programme must be a part of the general uplift pro- 
gramme simultaneously carried out by the other de- 
partments of Government, executed mostly by the 
people and partly by the Government, including a 
co-ordinated supervision by Government machinery. 

According to the Bhore Committee programme, 
the primary peripheral unit should be a Health 
Centre with 2 emergency and 2 maternity beds, a 
maternity and child welfare centre and a school clinic. 
Its domiciliary visits are to form an important feature 
of the programme. There should be 2 qualified medi- 
cal officers, specially trained for integrated rural 
health work, attached to each Centre, one of whom 
should preferably be a woman, a sanitary inspector 
to look after environmental sanitation particularly 
with regard to the disposal of night-soil aud water 
supply, two qualified health assistants, two mid waves, 
one compounder cum ward assistant, two servants, 
one of whom can be utilised as medicine carrier, one 
sweeper and at least two trained Dhais. Each rural 
health centre should be properly equipped with 
diagnostic tools, particularly a small laboratory with 
a microscope and equipments for blood, stool and 
urine examination. All the health staff should be 
provided with free and adequate accommodation in 
houses constructed scientifically but cheaply. The 
salary of the workers must be adequate to meet the 
needs of their social security and prevent them from 
resorting to corruption, and in this regard I would 
recommend the scales of salary advised by the Bhore 
Committee. The administrative machinery must 
provide for correct statistics aud material so that at 
the end of each year the improvement of public health 
in an experimental area may he properly assessed on 
the basis of reduction in the incidence of sickness 
and of mortality and the improvement of general 
health of the community. The size of c this unit 
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should not, therefore, be ordinarily larger than a 
population of 10,000. 

In the first year of the scheme, 4 to 5 of these 
primary centres may be joined together to form the 
next higher or Thana Centre, which should also 
have a bed capacity of 30, including obstetric beds. 

During the first year of the execution of the 
scheme, probably not more than one Thana in an 
area can be taken up in each district. If two Thana 
areas are added every year, then at the end of the 
5th year it will be possible to organise the secondary 
or subdivisional Health Centres. And perhaps, if 
the income per capita of the people increases in the 
mean time, it will be possible to link together the 
subdivisional or secondary Health Centres with the 
District Health Centre. 

If the technical objectives of the scheme are not 
borne in mind, it will be sheer waste of money with- 
out achieving the result. The present* tendency in 
many provinces to appoint any qualified medical or 
public health personnel to do a specific job is a 
mistake and should be deprecated. Every worker 
should be given some additional training to enable 
him to carry out the objectives of the new 7 scheme, 
which unfortunately our medical educational institu- 
tions are not accustomed to give at the present 
moment. 

We have to build up the integrated public health 
framework from the village to the city, from the rural 
areas to the District Headquarters and from the Dis- 
tricts to the Metropolis. The work should be inte- 
grated with the other fields of social activity, as has 
been pointed out, and broad-based at the bottom or 
base of the pyramid. The various avenues of Gov- 
ernmental activity will represent vertical lines, as 
shown in the diagram below, and the co-operation 
of the people and inter -departmental co-ordination of 
the Government departments will represent horizon- 
tal lines. It will be found that this system of pillars 
and cross-beams will be a firm foundation for an 
all-round improvement of the people. If this is not 
done, efforts directed towards the amelioration of 
the sick will be found to be a never-ending business. 

One essential requirement of each Unit will be 
the organisation of a PILOT CENTRE on 50 Bighas 
or approximately 16 acres of land, which should 
serve not only as a demonstration centre for the dif- 
ferent types of activities adaptable to the whole area 
but should also act as a centre for study, conference, 
co-ordination, education, cultural recreation and co- 
operation of the Centre 'workers and the villagers. The 
village Panchayats, elected by representatives of the 
houses in the locality, will be allocated working zones 
in their respective spheres of activity. Effective super- 
vision, educative publicity and demonstrations will 


be exercised from the Pilot Centre. This Pilot Centre 
will also study the local social and economic problems 
and adapt the plan to suit the requirements of the 
locality and the population. Arrangements should 
be so made that the fundamental researches carried 
out at higher technical and other research centres can 
be promptly carried through the vertical lines to the 
Pilot Centre for distributing the fruits of research for 
application to the inhabitants in the field. The re- 
moval of the enormous lag between science and its 
applications to the service of man will thus be faci- 
litated. The Health Unit will be one of the branches 
of activity at the Pilot Centre. By close association 
of the various departments, the workers and the 
people will learn the value of integrated execution of 
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planned programmes and will participate in its acti- 
vities. The proper evaluation of the results will also 
be facilitated. The development of the Pilot Centre 
is the most important part of the scheme. One 
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important psychological malady which the general 
population is suffering from to-day owing to several 
generations of slavery is the lack of enthusiasm and 
lethargy which do not seem to have been affected in 
any way by the recent attainment of freedom. A 
ruling Government has to be transformed into a 
servicing Government. This requires careful educa- 
tive publicity and appeal for co-operation for a 
common objective, viz., developing the newly-earned 
freedom. Mahatma Gandhi’s Samugra dram Seva 
might be very usefully fitted into the scheme, with 
co-operative combines for every type of activity. 

For purposes of administrative co-ordination at 
different levels, it is necessary that there should be 
well-trained and mentally competent supervisors to 
see through the execution of the scheme. Scientists, 
technicians and administrators will then find some- 
thing worth doing and hope to achieve measurable 
success within a certain period. I estimate that if the 
scheme visualised here is put into operation by the 
entire Governmental machinery, up to the Secre- 
tarial level, with the co-operation of the people, it 


will probably take 20 years to cover the whole pro- 
vince. If all the provinces and States undertake to 
put the scheme into operation, we can visualise some 
tangible results within 20-30 years. What is needed 
now is to develop a revolutionary mentality to break 
off with the old imperialistic framework of adminis- 
tration and red tapism and to replace it by a living 
organisation which is expected to deliver the goods 
within a measurable length of time. Some workers 
would like to wait for 5-10 years more until some 
more scientific surveys are carried out, but I think 
the scheme which has been placed here offers consi- 
derable opportunities of study and experiment in 
every Pilot Centre, directed by higher technical 
personnel at higher levels of research and experiment. 
In fine, what 1 wish to say is that health planning 
must be an integrated component of total national 
planning. 


* Village Housing in the Tropics by Drew, J. 11., Fty, 
K. M. and Ford , II. L., Laud Humphries, London, 1947, 
may be suggested as a reference !x>ok for village housing 
and sanitation. 


THE COMET OF NOVEMBER, 1 948 * 


rjiHR recent comet which according to newspaper 
reports was first sighted by the pilot of an 
Australian air liner on the morning of 7-11-48 is 
one of the brightest that have been seen since the 
last appearance of Halley’s comet in 1910. At 
Kodaikanal, on account of unfavourable weather con- 
ditions, observations of the comet could be begun 
only on JJ-TI-.4S, but they were continued till 
14-12-48, with several interruptions caused by bad 
weather. By the 14th, the comet had become in- 
visible to the naked eye, and telescopic and photo- 
graphic observations were also not possible subse- 
quently because of bad v\eather. 

In all, visual and photographic observations of 
the comet were made on 13 days, while on two other 
days only visual observations were possible. The 
results obtained are summarised below. Table I 
gives the approximate right ascension and declina- 
tion of the nucleus of the comet as computed from 
the photographs with reference to the surrounding 
star field. 

From the table it will be seen that the total 
movement in right ascension from 11-11-48 to 

* Communicated by the Solar Physics Observatory, 
Kodaikanal. 


7-12-48 was 3 h. 36 m. ( = 54°), and that in declina- 
tion t i ° 34 ' • If the observed coordinates arc plotted 


TABLE I 



Mean time of 

Right 

Dei 


Date. 

photograph 

Ascension 

'linntinn of 

, 

(hrs. 

1ST). 

of comet. 


comet. 


h. 

m. 

h. 

m. 



11-11-48 

05 

30 

13 

03 

23° 

24' (South) 

12-11-48 

05 

00 

12 

54 

24° 

18' 

13-11-48 

05 

00 

12 

47 

25° 

08' 

19-11-48 

04 

30 

11 

58 

29° 

20' 

21-11-48 

04 

30 

11 

40 

30° 

32' 

24-11-48 

05 

00 

11 

16 

; 32° 

00' „ 

25-11-48 

04 

30 

11 

08 

32° 

30' 

26-11-48 

04 

45 

10 

59 

32° 

56' 

27-11-48 

05 

00 

10 

51 

33° 

17' 

28-11-48 

03 

30 

10 

43 

33° 

37' 

29-11-48 

04 

00 

10 

34 

33° 

58' 

1-12-48 

04 

00 

10 

17 ! 

34° 

30' 

7-12-48 j 

02 

45 | 

09 

27 j 

34° 

58' 

Total movement 

in 

3h. 

36m. 

11° 

34' 


against the corresponding dates { vide Fig. 1) and 
smoothed curves drawn, if will be seen that while 
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the rate of movement in right ascension was quite 
uniform that in declination steadily decreased during 
the period. The rate of movement in right ascen- 
sion obtained from Curve I, Fig. i is 8*3 min. per 
day (2°4'’5). Fig. 2 gives a graphical representa- 
tion of the daily rates of movement in declination 
obtained by plotting the values taken from Curve II, 
P'ig. 1 against the corresponding dates. The rates 
taken from the smoothed curve in Fig. 2 are given 
in Table II. 

It will be seen that the rate of movement in 
declination decreased from nearly a degree per day 
at the beginning to less than a minute towards the 
end of the period. Fig. 3 shows the track of the 
comet against the background of fixed stars. Typi- 
cal photographs of the comet are reproduced in 
Fig. 4. 

The tail of the comet when first sighted sub- 
tended an angle of 28° and was pointing approxi- 


TABI/E-II 


Rate of move - 1 Rate of move- 

Date interval lnent in decli-i Date interval ment in (lech- 



nation 

1 

1 

! 

nation 

11-12 Nov. 48 

__ 

54 

24-25 Nov. 48 , 

27 

12-13 

51 

25-26 „ 

25 

13-14 

48-3 

26-27 ,, 1 

23 

14-15 

45-6 

27-28 „ | 

21 

15-16 

43 

28-29 

18*8 

16-17 

41 

| 29-30 

16 

17-18 

39 

1 30 Nov.-l Dec. 48 1 

13 

18-19 

37 

1 1-2 Dec. 48 

10 

19-20 

35-3 

; 2-3 „ 

7*5 

20-21 

33*7 

3-4 ,, 

5-3 

21-22 

32 

4-5 „ 

3*4 

22-23 

30*4 

5-6 ,, 

1*8 

23-24 

28*8 

6-7 

0*5 


mate ly in a southwesterly direction. The brightness 
uf the head at that time was estimated at about 15 



Fig. 1 



304 


SCIENCE AND CULTURE 


Vol. 14, No. 8 


stellar magnitude. On 7-12-48 when the comet was 
last photographed it had become very faint (about 
magnitude 5) and the tail had dwindled to less than 
5°. The computed angular distance of the comet 
from Venus on ] 1-11-48 was 20°48', the correspond- 


ing figure on 7-12-48 was 73°36'. The direction of 
movement of the comet was approximately west- 
southweslwards. On 14-12-48 when the comet was 
last seen through the telescope at Kodaikanal it had 
entered the region of the Milky Way. 
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SCIENCE IN WORLD WAR II 


BIN DU MADHAB BANERJKE 

INSTITUTE OK NUCLEAR 1'HYSlCS, CALCUTTA UNIVERSITY 

(Continued from the last issue) 


Researches on Ballistics 

'\\JTK shall now pass on to a description of tile 
important weapons and the researches and 
improvements in World War IJ. The chief weapons 
as listed before were (a) Runs, ( b ) bombs and (r) 
rockets. Ballistics is the name of the science which 
deals with all the phenomena concerned. Interior 
Ballistics treats with the motion of the projectile in 
the launcher — the barrel in the case of the gun. 
Exterior Ballistics is concerned with the motion of 
the projectiles from the launcher to the target. 
Terminal Ballistics is concerned with the motion of 
the projectile close to the target, the effect of its 
impact on the target, and the distribution of frag- 
ments and gases in the neighbourhood of the target. 

The gun is the oldest weapon utilizing 'fire' 
to hurl destruction at a distance. A gun consists 
of a long tube wherein an explosive propellant 
powder is burnt and the pressure of the gases 
generated is utilized to throw out a projectile shell 
a long distance away. It embraces all the weapons 
that go in the name of the pistol, the revolver, the 
rifle, the machine-gun, the field gun, the howitzer 
and mortars of all classes. The projectiles thrown 
out of the larger sized weapons, such as the field 
gun, howitzer and mortars, themselves contain an 
explosive charge and explodes on or after hitting 
the target or just before that. The shells may be 
grouped into three types —the high explosive shell, 
the fragmentation shell and the armour-piercing 
shell. The high explosive shell has a thin skin and 
contains a lot of high explosive inside it. When 
it explodes, the blast does the actual damage e.g. f 
blows off walls etc. The fragmentation shell has a 
relatively heavy casing which breaks up into a large 
number of fragments on explosion of the shell and 
these fragments does the killing. The armour 
piercing shell is used to cause destruction after 
penetrating heavy armour, c.g ., the steel plate of 
a tank or a battleship. The usual type is a shell 
with a solid pointed nose of high grade heat treated 
steel with a comparatively thin walled base of soft 
steel containing some amount of explosive powder. 
This end explodes after penetration and the frag- 
ments and blast produce the desired destruction and 
killing. Shells contain what is called a fuze, a 
mechanical device for detonating the shell, fixed to 
its head or base and set to explode on time or 
contact. 


SCOPE OF BALLISTICS RESEARCH 
Interior Ballistics 

(1) , Pressure-time cutves at different positions of the barrel 

and different charges of powder. 

(2) Skin Temperature— time curves. 

(3) Measurement of 1 Hire friction. 

(4) Erosion of barrels. 

(5) Rate of burning of the propellant powder 

(6) Equation of slate of the gases. 

Exterior Ballistics. 

(1) Path of projectiles of different shnjx\s and sizes. 

(2) Aerodynamic' forces on the projectile. 

(3) Stability of the projectile in flight. 

Terminal 'Ballistics 

(1) Attitude of the projectile striking the target — such as 

flat ground, vertical wall, etc. 

(2) Penetration of the target armour. 

(3) Fragmentation and blast. 

(4) Distribution of fragments. 

(ft) Probability of hitting the target. 

The list shown will give the readers an idea of 
the scope of Ballistics research. It is not possible 
for the writer to produce representative data of these 
measurements. They are military secrets the details 
of which are never let out to the general public. 
I shall therefore only outline the methods of 
measurements and enumerate the important changes 
of design that resulted from extensive research on 
l he above mentioned subjects in World War II. 
With the help of these data gun designers of today 
can design the gun barrel, the shell, find out the 
composition, characteristics and quantity of the pro- 
pellant and explosive charges, in order to have a 
prescribed destructive effect at a prescribed distance. 

The pressure inside a gun barrel is measured 
usually by a pi ez -elec trie gage. A hole is drilled 
iutb the barrel and the gage fitted thereon. The 
pressure on the piezo crystal generates a voltage 
which is recorded on an oscillograph — the record 
giving the pressure time curve. Copper crusher gages 
are also used to measure peak pressure — which con- 
sist of accurately turned copper cylinders that are 
crushed by a piston operating from a hole in the gun 
barrel. The latter is used now-a-days only as a check 
and a calibrating apparatus. 

The skin temperature is measured by a special 
iron nickel thermo-couple mounted in a small hole 
flush with the bore of the gun. The oscillograph 
record gives the temperature-time curve. 

The bore friction is measured as the difference 
of the pressure at the base of the projectile and the 
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pressure corresponding to the accelerating forces. 
These are measured by means of two piezo-electric 
gages fitted inside the piojectile. 

The velocity and acceleration of the projectile 
inside the barrel can be found out from a simul- 
taneous record of the pressure time curves at different 
points on the barrel. The bore friction may also be 
inferred from these measurements. 

The erosion of the barrel is found out by inspec- 
tion and measurement of the diameter of the bore 
after several firings. 

The path of a projectile in free flight over a 
proving ground is found out by taking intermittent 
photographs at night time of the tracer attached to 
the projectile in two or more photo-theodolites. 
These are essentially high grade plate cameras fitted 
with synchronized occulting shutters. By reduction 
with a stereo comparator, the observed trajectory 
could be deduced. This optical method is essentially 
limited in accuracy as to measurement of distance, 
and a radar method utilizing similar ideas will 
certainly improve the accuracy a great deal and is 
perhaps actually used now-a-days. 

A much more accurate experimentation on ex- 
terior ballistics is possible by firing the projectile 
inside a long tunnel, fitted with a number of spark 
photography apparatus at different places. It is then 
possible to measure the time and photograph the 
projectile as it passes across these positions. How- 
ever the method is limited mainly to projectiles of 
small calibre. 

As regards the measurement of Aerodynamic 
forces and stability, these must be found out in a 
supersonic wind tunnel by the usual methods of pitot 



Fig. 2. The supersonic wind tunnel at Kocliel, 
Germany. 


tubes fixed on a model of the projectile, supplemented 
by spark photographic methods using ordinary light 
or X-rays (Blitzgeber and Rontgenblitz) for finding 


out density variations near the projectile. A wind 
tunnel in which air is moving at a speed greater than 
the velocity of sound will surely make anybody 
knowing Aeronautics inquisitive. The chief idea is 
to allow compressed air expand in a suitably shaped 
jet. The expansion in the jet is accompanied by a 
Streamlined flow at supersonic speeds in a limited 
region of the jet. The Germans made extensive 
studies on projectiles of different shape in these 
supersonic tunnels. 

High speed spark or flash photography using 
ordinary light or X-rays are essential for an experi- 
mental study of Terminal Ballistics. The arrange- 
ment utilized by Germans for studies of Terminal 
Ballistics consist of a condenser charged to 40,000 
volts discharged through a spark gap to produce 
a very brilliant flash of very short duration. The 
discharge is timed by a firing signal from the thyra- 
tron injected into the spark circuit. The time of 
discharge of the tliyratron is controlled by the time 
constant of R C circuit at its grid. Light from the 
bullet striking the armour passed through a polarising 
nicol on to a kerr cell camera. The analysing nicol 
inside the camera is so adjusted that 110 light passes 
on to the camera without any voltage on the Kerr 
cell. When the spark occurs, a momentary high 
voltage on the Kerr cell allows passage of the light 
synchronized with the flash and takes the picture. 
Several successive pictures taken at intervals of a 
fraction of a microsecond in .several such cameras is 
able to give a visual elucidation of the process of 
armour penetration by a bullet, the fragmentation of 
the bullet when it fails to penetrate the armour, as 
well as distribution of fragments inside the armour 
in case the armour is penetrated or outside it, in case 
the bullet is defeated and breaks up. 

The blast effect is usually studied by plotting 
pressure-time curves by piezo-electric or condenser 
microphones of special design. They are generally 
checked against bursting of paper and metal 
diaphragms of different thicknesses wdiich represent 
the older method. 

Distribution of fragments is found out by causing 
an explosion of the projectile inside a cardboard box 
of suitable size which are penetrated by the frag- 
ments. 

Probability of hitting is determined by the usual 
proving ground tests of firing a large number of pro- 
jectiles and finding out the distribution of the craters 
caused by them. 

The chief measurements connected with bomb 
ballistics are concerned with measurement of Aero- 
dynamic forces on the bomb in a sub-sonic wind 
tunnel, finding out a design which is aerodynami- 
callv stable, as well as finding out the terminal velo- 
city. A bomb let down from aircraft must follow a 
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trajectory uniquely defined by its boundary condi- 
tions and should not have an oscillating motion 
around a given trajectory while it falls. As regards 
terminal ballistics, the measurements that are to be 
made are the same as that for projectiles of guns but 
the method of measurement is mainly confined to an 
examinatiop of the craters in concrete involving 
taking of stereoscopic photographs of the craters for 
comparison. 

The problem of the design of a satisfactory rocket 
is concerned, like the bomb, with a measurement of 
Aerodynamic forces in a sub-sonic as well as super- 
sonic tunnel, finding out stable aerodynamic designs, 
as well as finding out amounts of powder charge 
required to produce a given destructive effect. There 
are some problems of interior ballistics, viz., motion 
in the launcher in as much as it affects the dispersion 
and probability of hitting. The path of the projec- 
tile in a proving ground can be easily found out by 
photo-theodolites in night time in a manner described 
before. As for terminal ballistics, similar methods 
as that for bomb are available. Over and above all, 
there is the great problem of the design of the rocket 
motor— which in itself is a vast subject. In case of 
rockets using explosive powders as propellant, it 
involves the determination of the thrust, time of 
burning, rate of burning, grain structure of the 
powder • a science in which chemistry and physics 
are thoroughly interwoven. Efforts of German 
scientists led to the successful design of the liquid 
fuel rocket motor— utilized in the famous V 2 . The 
development of V 2 is a great scientific and engineer- 
ing achievement and demands separate and lengthy 
discussion. We shall therefore discuss it separately. 

A description of the development of these 
weapons of destruction can best be given by follow- 
ing their adoption and use by the belligerents as time 
and World War II progressed. The outbreak of the 
war saw Germans coming to the field with S 8 m.m. 
combined A. A. and field gun, machine guns, panzer 
divisions using light tanks, motorized infantry using 
automatic weapons supported by a powerful air force 
using chiefly dive bombers for attack. The British 
and French came with 75 m.m. field guns, the A. A. 
guns, light tanks, motorized infantry, and a weak 
airforce whose activities were chiefly confined to 
secret service and reconnoisance. There were no 
rockets except those for signalling. Germany was 
the winning side, numerical strength, superior tactics, 
better weapons in general and bombs from the dive 
bomber being the chief reason. Military operations 
made extensive use of radio communication for co- 
ordination between the fighting groups, e.g., the 
aircraft and land units. 

France was liquidated, England’s armies thrown 
into the sea and the British Isles badly bombed by 
luftwaffe and blockaded by the submarine force. 


Bombing by luftwaffe and strangling by the sub- 
marine force could not cause an overthrow of the 
existing government. Destruction by bombs was no 
doubt widespread but the industry was only partially 
and temporarily put out of action. Great air battles 
were fought over England, by tighter aircraft using 


r 



PlG. 3. Details of a magnetic mine 
1. Magnet Grid. 2 Switch for Airflnsk Fu/o a Hulro- 
static Switch, 4, Detonator. 5, ti, 8. Fu/o Seal. 7. Air 
Vents. 9, 10. Mercury Switch. 11. Solenoid Choke Brake. 
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machine guns. Radar came to the limelight- — a 
system of ground control of night fighters by Radar 
developed and peifected. Mhgnctic mines sunk a 
million ton of allied shipping, before degaussing 
girdles could come to its rescue. The submarine 
proved again to be a very difficult enemy. The 
British navy found itself helpless to protect the 
merchant marines from the submarines torpedoes. 

Large scale land warfare began again with 
Russia’s entry into the war. Again superior weapons, 
superior tactics and the powerful luftwaffe brought 
victories to the German side. As the fighting pro- 
gressed, the rocket bomb bazooka* came to stop the 
German tanks in the hands of the heroic and deter- 
mined Russians. As a tank destroyer it can only be 
used by dare-devils or suicide troops. Mot tars throw- 
ing heavy shells a short distance were found more 
useful —and heavier and heavier shells were wanted. 
Russia’s land armies ultimately began to keep in 
check the German armies, and the powerful luftwaffe 
could only force costly breakthroughs. The guns, 
mortars and bazooka held the attack which were 
followed by vicious counter attacks by tanks having* 
superior artillery. The Russians sent to the field, 
tanks having servo controlled gyrostabilized guns. 
Modern land warfare took shape in Russia, both 
parties understanding and learning* each other’s tac- 
tics ! It appears that Russians first armed their Air- 
craft with mm tar guns firing heavy calibre shells 
and used them against tanks and motorized infantry. 
The Germans learnt a bitter lesson — in modern war- 
fare ideas frequently score over refined machinery 
and the Russians have ideas. 

Japan’s entry into the war demonstrated the 
power of tile aircraft as an offensive unit of the navy. 
The sensational attack on Pearl Harbour and the 
sinking of the British battleships prior to the landing 
at Malaya completely changed the outlook of naval 
fighting. The high altitude bombing, dive bombing 
and aerial torpedoing of the Japanese proved to be 
surprisingly accurate and devastating compared to 
those encountered in the Mediterranean. Simul- 
taneous landing operations at many places, followed 
by the quick breakthroughs of the landed army, 
again showed before the world the effectiveness of 
the new tactics. The success of the Japanese also 
proved what determined class heroism can do when 
it strikes in desperation. 

Naval engagements that followed chiefly took 
place at night time— starting with the allied rout in 

* The bazooka may l>e called a large size grenade thrown 
out a .short distance (100/200 yds.) by a rocket motor. The 
modern refined variety contains a shaped charge warhead, 
an explosive cylinder having a conical cavity lined with 
copper at its striking head. Explosion of this cylinder 
charge can blow out a hole in the steel armour plate of 
a tank. 


the two night Java sea battle extending to the sea 
battles of the Solomons. The Japanese mysteriously 
sank practically the whole of the combined allied fleet 
in Java sea, chiefly by torpedo attacks without any 
damage to their own. It was proved that the navy 
had electrical eyes and cars — Radar and Radio — and 
perfect co-ordination of operations at night time is 
possible with their help. It was in Medway that the 
Japanese actually found a competent rival knowing 
modem naval tactics. Several Japanese aircraft 
carriers were sunk by bombs and torpedos from aii*- 
craft of American carriers which advanced to engage 
the Japanese carriers in mid-sea. The Japanese com- 
mander apparently made the mistake of pushing 
home the air attack on Medway instead of concen- 
trating to destroy the engaging carriers and paid a 
heavy price. However these sea battles proved that 
the navy had both ears and eyes which operate in 
dark and for sometime it became the custom to 
engage at night. These battles ultimately formulated 
the new tactics of naval warfare in which aircraft 
took a very prominent part. The chief defense of 
the naval units from aircraft was the intense barrage 
of massed A. A. guns of the whole fleet moving in 
close formation. Servo-controlled A. A. guns using 
computing directors ultimately came in making the 
task more difficult for the attacking aircraft. 

The course of fighting turned with the allied 
landing in North Africa. The fighting in the Lybian 
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deserts and the leisurely retreat of Rommel's army 
through Cyrenica and Tripolitania made the Allies 
conscious of the effectiveness of landmines in stopp- 
ing or slowing down a superior attacking force. The 
allies devised a mine-dclcctor, which would detect a 
metal piece of respectable size. The Germans replied 
with the schu mine — a plastic case mine containing 
very little lAetal. The land mine remains a problem 
still now, 

Targe scale use of rockets for supplementing 
naval bombardment began with the landing opera- 
tions in Sicily and Italy. The Germans replied with 
steerable radio-controlled rocket projectiles having 
wings for destroying landing craft. Radar and radar 
countermeasures were used extensively by both 
parties. Radio controlled steerable bombs were also 
used for destroying allied shipping by Germans. 
The land mines, the servo-controlled A. A. Gun, the 
new radio controlled missiles, the jammed Radar, 
gave the allies a bad time and a protracted Italian 
campaign inspite of great numerical superiority. 

The British made extensive use of Radar and 
Radio navigational aids such as Loran and Gee in 
the long range night bombing missions over Kurope. 
Radar bombing through overcast skies was made 



Fin. 5. Radar controlled Anti-Aircraft fire : (1) Trailer 
containing a Radar such as the SCR 584 ; (2) Rleetrical 
gun director computing azimuth, elevation and fuze 
setting of the anti-aircraft batteries; (3) Stand by optical 
altitude finder ; (4) Stand by optical azimuth finder and 
tracker; (5) Servo-operated gun battery. 


possible by the use of Ii 2 S — a microwave plan posi- 
tion indicating radar that can be carried in an air- 
craft. The Americans developed a system of daylight 
bombing by using massed formations of their famous 
flying fortresses— a plane having a large number of 
gun turrets and a very great fire power. When these 
planes flew in close formation, no German fighter 
craft could approach them within hitting distance. 
They found their guns useless and developed the air 
to air interception rocket. Their first use in the air 
battle for Scliweinfurt worked devastation in the 
tight formations of flying fortresses. Thereafter 
these tactics had to be abandoned and flying fortresses 
had to take long range fighter escort to engage the 
locket firing aircraft. The German tactics of 
sending the night fighter with Radar eyes over and 
near-about the British air-fields to destroy returning 
bombers was countered by Res, natron jammers of 
great power. The Radar controlled A. A. guns 
defending* German cities were paralysed by Radar 
jammers carried in bombers. The war entered the 
field of electronics. 

The landings in Normandy again saw extensive 
use of Rockets -rockets from rocket ships, rockets 
from landing craft, rockets from aircraft supporting 
landing, and rockets from army vehicles and tanks. 
The landing operations were covered by an attempt 
of Radar bluffing, which perhaps was not as fruitful 
as has been described because it was at that time a 
very well-known art. The landing operations were 
very well planned, and made use of many types of 
special landing crafts and devices to convert the 
ordinary beach at least temporarily into an artificial 
harbour. The complete mastery of air was of course 



Fig. 6. A high speed jet propelled fighter aircraft. 

a prerequisite, which the Allies fortunately had. It 
is only for these excellent landing craft and the com- 
plete masterly of the air that the Allies got a foothold 
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oil the beach and could successfully counteract the 
vicious attacks of the German army attempting to 
foil the landings. More and more allied troops were 
landed and ultimately the German armies were 
pushed into the interior to defend their motherland. 

Germany put into the air several types of jet 
propelled planes but had to remain content using 
them only for aerial reconnoisance because of want 
of aviation petrol and flying personnel. They per- 
fected the jet propelled robot plane \\ but it was 
tackled well by the radar-controlled servo-operated 
A. A. guns then installed on the English shores 
firing shells with a radio proximity fuze. Finally 
they tried to avenge the allied bombing* of German 
cities by sending the famous Vu— a long range rocket 





Fig. 7. V. Rocket piercing* the skies. 
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having gyro — programme controlled flight, carrying 
a ton of explosive at its warhead. 

On the other corner of the Globe, the Japanese 
were outnumbered, outwitted and bypassed by the 
allied forces using superior tactics and weapons. The 
allied march towards Japan took place in a series of 
long distance hops — made possible by fhe complete 
mastery of the sea and air. The Japanese soldiers 
in the jungles of the Solomons, New Guinea, Burma, 
Philippines found their enemy remaining contented 
with occupying a part and consolidating a few 
positions in these places, and marching on straight 
towards the motherland which they are helpless to 
stop and even interfere with. Their supplies were 
cut off, and they had even to plough the land to 
grow food to sustain their lives. Heavy aerial 
bombardment of the Japanese mainland began with 
the occupation of the Marianas Islands. The battles 
for these islands were fought bitterly and the 
Japanese used the Kamekaze pilots to steer in the 
rocket-motor llaka Bombs on the American shipping. 



1!liiA«fan 

Fig. 8. Radioactive gases ascending upwards after 
explosion of an atomic bomb. 


Nevertheless, numerical and technical superiority 
ultimately defeated heroism and if not the ^militarists 
at least the Japanese Emperor became sure of the 
ultimate end. American incendiaries from the new 
superfortresses burnt out many Japanese industrial 
cities and the w ar ultimately came to an end with 
the Atomic bomb destroying Nagasaki and Hiroshima. 
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Conclusion building' battleship* designed to fire six and two ton 

V 2 Rockets using no guns bigger than the 40 111.111. 

The outstanding contributions of science to automatic canons mounted in sealed turrets. It is 
weapons of war that has come to light during World almost certain that in a futuc war we shall find 
War II arc (1) Radar, (2 1 Rockets with controlled rockets (heat-homing, proximity fused), to become 
flight and (3) the Atomic Bomb. The continued the the exclusive weapon of and for aircraft. Atomic 
research apd development of these, particularly of explosions will surely be taken advantage of where 
the two latter, may change the nature of military devastations over a wide area are considered to be 
operations in the third world war even more drasti- necessary. Defensive measures against such Atom 
cally than has the application of Radio communica- bomb explosions are possible and are planned for by 
tion, Radar, Aircraft and Tanks done to World all important powers of today. It is likely that niaii- 
War II. It is very likely that the Radar-Radio and kind will survive the direct effects of a third world 
Gyro-controlled rocket will make all big guns war quite well, although it may be greatly depleted 
obsolete. It is no secret that the U. S. Navy is by such after effects as hunger, disease and disorder. 


INSECTICIDES 

RAMG< >PAL CHATTERJKK, 

UMVKKSITY COUKUK OK SCIKNCI. ANI) TBCHNOWMVY, CUC! T’l\ 

TTKNTR )N of our Government lias been Insecticides are used on a very large scale in 

directed to the provision of food and to prevent the form of sprays, dusts, poison baits and fumigants, 

the loss due to insects. It has been decided that Long experience has demonstrated the very impor- 

insccticides should be sold free of duty charges for tant role that insecticides, properly used, play in the 

the moment. It has been estimated that five per cent control of insect pests and consequently in food 

of the world’s food production is lost due to insects. production. Obviously, their use must be considered 

Control of insect food pests and also the control of in relation to the value of the crop, and this is 

disease bearing insects, particularly in our tropical reflected in the fact that at present they are more 

countries are of extreme importance. widely employed in burope and America in horti- 

Thc purpose of insecticides is to kill insects. culture and fruit-growing than on purely agricultural 

Perhaps the earliest discovery in this field is that of crops. Suitable machinery for the application of 

Aristotle who found that insects are killed when insecticides is lacking on the average form, but in 

butter is applied to the surface of their bodies. An recent years there lias been an increase in the sprav- 

cxplanation for this that they are killed by chocking ing or dusting by conti act by firms specialising in 
of breath came two thousand years later, when work of this kind, of such crops as sugar beet, 

Malpighi showed in i 60 q that insects breathe by potatoes, brussel sprouts, cabbages, peas and carrots 

means of tracheal tubes opening on the body surface, grown on a field scale. 

Much investigation has been done on the action of 

chemicals for killing insects ; an example will be of The notorious pests of agricultural crops arc wire 

interest. The interaction of tlie flying insects and worms, leather jackets and other insects that live in 

insecticidal mist has been studied and it has been the soil. There is not yet a satisfactory soil insccti- 

eoncluded that the insecticidal spray is picked up by cide. Although Shell 1 ). D. (dichloropropane-dichloro- 

thc fly or mosquito in toxic dose when flying through propylene) is supposed to be an efficient soil f limi- 

such a mist ; the mosquito at rest is not affected. gant giving full control of soil-borne pests and some 

The greater the activity of the insect the greater is fungi. It first aroused interest in America in 10.42. 

the kill. The most effective droplets lie in the region Ih* Walter Crane, of the Pineapple Research lnsti- 

of five to ten microns in diameter. These drops are tute of Hawaii, seeking a remedy for the destruction 

picked up by the unfortunate fly by impaction on of the pure apple crop by eelworm, obtained this 

the beating wings. When a certain dose has been derivative of petroleum, a dark liquid mixture of un- 

accumulated the insect appears to be uncomfortable saturated chlorinated compounds, possessing toxic 

and it alights and cleans its wings ; the insecticide properties. I11 the past year or two very promising 

is thus brought into contact with the vulnerable results have been obtained in protecting cereal and 

points on the legs through which entry can occur. other crops from attack by wire worms bv the use of 

3 " 
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insecticides containing benzene-hexachloride drilled 
with the seed. 

Most widely used in v secticides are nicotine, 
derris root, py rethrum flowers, arsenical compounds, 
tar oil and petroleum oil preparations, and the new 
synthetic organic compounds dichlorodiphcnyl trichlo- 
roetliane (I>. D. T.) and hexachloro-cyclobenzene, 
more generally known as benzene hexachloride. 

In using insecticides in practice, the aim is not 
the indiscriminate destruction of all kinds of insects, 
for those species that are injurious to cultivated crops 
arc comparatively few and among the vast number 
of other species there are many that are actively 
beneficial from man's point of view. It is essential 
to reduce to the minimum the risk of destroying bees 
and other pollinating insects and also the parasites 
and predators that kelp to keep the pests in check. 

The proper uses and limitations as agricultural 
insecticides of D. IX T. and benzene hexachloride 
have been intensively investigated. It may be of 
interest briefly to summarise the position reached 
with I). I). T. It is certain that D. D. T. is highly 
effective under practical conditions for control of 
many agricultural pests, and is harmless to human 
beings and livestock, and does not cause any damage 
to crops treated. It controls easily Flea Beetle, 
Colorado Beetle, Cabbage Butterfly Caterpillars and 
Apple Blossom Weevil. 

Insecticides and fungicides are progressive 
industries throughout Europe and America. We 
shall mention their progress in Holland which is an 
agricultural country like ours. Calcium arsenate 
which serves to fight the potato plague of the 
Colorado beetle, is at present being turned out in 
adequate amount at Arnhem. On the eve of the war 
Britain and Belgium were among the principal sup- 
pliers of calcium arsenate. The Dutch production of ' 
nicotine, only 6,ooo tons, is not yet sufficient to meet 
the national needs, so that the use is restricted to 
green houses. Rotcnon base insecticides, cyclo- 
hexane hexachloride and D. D. T. are made in 
abundance. 

Most insecticides used ill agriculture are applied 
in the form of dusts. A small amount of the 
poisonous substance is mixed with a large quantity 
of inert carrier dust. It is already a common com- 


mercial practice to use aircraft dusting of crops in 
IJ.S.A. and of locust hoppers in U.S.S.R. Little 
precise information is available about their results, 
but the practice continues and it may be presumed 
that it pays. 

The dust cannot be aimed from any considerable 
height and the aircraft have to fly very lV>w, only a 
few feet above the ground. In Africa it is often not 
possible to use such small aircraft because of lack of 
landing grounds, high altitude etc. Again when the 
target is mobile like a swarm of locusts, longer range 
aircraft are necessary. If they are operating ioo 
miles from base, they must carry a good load of 
poison, for otherwise a considerable time is spent in 
travelling between base and target. Consequently 
spraying offers opportunities of better control of aim- 
ing from somewhat greater heights. If suitable oil 
is used as solvent, the poison will stick to and pene- 
trate the insect's cuticile more effectively. First 
experiments in the use of heliocopter for crop spray- 
ing are now being tried in Egypt, near Turabi, in 
the Blue Nile Province, on cotton land belonging to 
the Sudan Plantations Syndicate. Advantages of 
such spraying are speed and ability to get close to 
the crops without damaging them. 

In America, the National Cotton Council had 
given a high priority to insect control in an effort to 
cut down farm losses which amounted to million 
dollars in 1946, and 220 million in 1947. Twenty 
major insects which plague cotton-growers had been 
controlled. Each time the ball worm destroys a bale 
of cotton, the farmer’s production cost obviously 
increases. As production costs go up, the price of 
the fibre and fabric rises. Had serious insect infesta- 
tions taken place during the growing season this year, 
the manufacturers of insecticides, fungicides and 
herbicides in America were prepared to meet unpre- 
cedented demands. The stir in our National Govern- 
ment shows that we are more conscious than before 
of the importance of pest control in the production 
and preservation of food and crop. 

fl Iii conclusion, the writer acknowledges that he 
has freely consulted recent issues of the Chemical 
Age, the Chemical and Engineering News , the 
Advancement of Science , Bulletin of the Imperial 
Institute, etc. 
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«. C. MITRA, K. R. CHANDRAN and N. K. S. RAO, 
THE IIENG.U, IMMUNITY RESEARCH INSTITUTE, CALCUTTA 


rpHE recent investigations in the search for anti- 
bacterial substances in Phanerogams 112 tend to 
show tharactive principles might be available for the 
treatment in bacterial diseases caused by both the 
gram-positive and the gram-negative bacteria. In 
India, a country rich in phanerogamic flora of 
different climates a systematic survey of higher plants 
may lead to interesting or even valuable results. 
With this end in view an investigation has been 
undertaken with plants selected mainly on the basis 
of Ayurvedic Materia Medica and a prcliniinarv 
survey of 57 plants is being presented in this paper. 
The detailed study of the promising ones is in pro- 
gress. Bcntham and Hooker’s classification has been 
followed in identifying and classifying the plants. 


a definite quantity of nutrient agar mixed with 
known amount of plant extract ; the total measure 
of these two being the same as the original amount 
of agar taken out so that the surface level of the two 
halves after refilling remained the same. Nine zones 
at right angles to the axis of the confluence of the 
two halves were drawn with a glass pencil on the 
back of the petri dish and 9 selected cultures were 
separately streaked on the surface of these zones, one 
in each (Figs, i & 2). Care w T as taken to dry the agar 
bed sufficiently before inoculation to avoid the possi- 
bility of the water of condensation forming* a bridge- 
head between streaks and give rise to erroneous 
results. 


Experimental 

Preparation oj the Material. — Freshly collected 
plant materials were thoroughly washed, macerated 
and well ground up in a porcelain mortar with 
specially-purified sand and sufficient distilled water 
added to produce a pulp. The pulp was strained 
through muslin and the extract filtered through a 
fluted filter paper. By repeated filtration through 
the same filter paper clear extracts free from chloro- 
phyll were obtained in all cases. This has been 
particularly done to exclude the possibility of chloro- 
phyll acting as an antibacterial agent 13 . Where the 
pulp was found to be slimy, buclmer funnel filtration 
was resorted to. It was found interesting to note 
that the extracts were all acidic to litmus except that 
of Pcperomia pclludda Emu. which how r ever was 
alkaline. The pH of all the extracts were adjusted 
to pH 7' 4 — 7 * 6 . 

Assay Method. — Sanders et al 1 and Osborn 4 have 
preferred the agar diffusion method in view of its 
simplicity and suitability where only small quantities 
of test materials were available, though the latter 
admits the possibility of the inhibitors which would 
not diffuse through agar, giving negative results. In 
order to overcome this drawback the following method 
was adopted in this study which is purely a qualita- 
tive and not at all a quantitative one. 

The double plate method of W. D. Frost 14 has 
been modified to suit this preliminary investigation. 
Sterile molten agar pH 7*4, was poured into a sterile 
petri dish. The agar bed after hardening was cut 
into two with an arrow head under aseptic conditions. 
The empty half of the petri dish was then filled with 



HOS. 1 & 2 . 1. showing growth on the plant-extracts* 

agar side (A) while 2 showing complete inhibition of 
the bacteria seeded on the plant-extract agar side (A). 

B nutrient agar side ; lines showing the nine difterent 
zones. 

With a view to study the activity of the plant 
extracts against as many pathogens as possible the 
following gram-positive and gram-negative species 
have been taken up for study ( Bacillus subtilis how- 
ever, lias been included in conjunction with the work 
done so far by others) : Staphylococcus aureus ; 
Staphylococcus albus Woods ; Bacillus subtilis ; 
Escherichia coli communis ; Salmonella schott miillcii ; 
Eberthclla iyphosa; Shigella dysenlcriae Var. Shiga; 
Vibrio cholerae Inaba ; and Klebsiella pneumoniae. 

The experiments in all cases were carried out 
with fresh material either immediately after collec- 
tion or within 24 hrs. In cases where the plant 
extracts were not tested immediately, they were kept 
below 5°C till they were tested. 

2 nils, of each fresh plant extract after adjust- 
ment of pH to 7 4 — 7*6 was mixed thoroughly with 
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VI 

VII 
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IX 

Katin unilinear . . 

Nigclla saliva Linn. 

(Seeds) 


4- 

4- 



_ 

4- 




t'lemati s ( \idmia Ilam 

tShoot) 

+ 

4- 


4- 

4- 

4- 

4- 

4- 

__ 


( gou liana Roxb 

t t 

4- 

4- 

... 

4- 

+ 
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4- 

4- 

_ 


Satavclia zcylaniia DC. 

,8 


4- 

_ 







M euispennac cue 

Tiliacoia mccmosa Colebr. .. 


__ 




__ 



_ 



Papaceiaicac 

A rgcnwnc mexicami bum. .. 

(Root) 


__ 

_ 








C'a ppai iiiai car 

L Iconic viscosa Linn 
(tViwmiropsis pcnlaphylla 

(Whole Plant) 

- 

4- 


— 

4- 


4- 

- 

- 


DC 

,, 

4- 

4- 

— 


± 


4- 




Poll lilac an nc 

1*oi luUna oleracra Linn. 




_ 








Mai cm ear 

Sula ihowbi folia Linn. 


± 

. 






., ri 



Malpighimeae 

Uiplagc Maiiablota Gnertii. .. 

(RcK)t) 

+ 


± 

4- 


4* 

4* 

4* 

4 - 

Kntuicar 

Olycosmis pcnlaphylla Corr. 

(Whole Plant) 

+ 

4- 

4- 

4- 

4- 

4- 

4* 

4- 

4 - 


Muirya exotica Linn. 

(Leaves) 

~ • 

_ 





± 




Citrus ilccuniana Litm. 

,, 

_ 







_ 




McHaccac 

Mclia Azadirai hta Linn. 



_ 









Sapnniaceac 

( 'aidiospcnnum lialicacabnm 












Linn. 

(Whole Plant) 

__ 

. 




_ 



4 




l.cguniinosae 

( assia oceidenlalis Linn. 

,, 

- 

- 

+ 

+ 

± 

4- 


4- 

4- 


( . ton i Linn. 


_ 

_ 









C. sopheia Linn. 


4- 

± 

4 



± 



4- 

4- 


Vasstlloieac 

Passiflota toetida Linn. 

,, 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

Rub iaccac 

Oldnilandia patticulafa Linn. 

(Root) 






± 



('onipositac 

Ixora coccinea Linn. 
Ccnlralhcnim anlhclininticum 

' 

- 

- 





- 

-- 

O. Kutz. 

(Seeds) 

_ 

.. 

„ 





4 

_ 

-- 


Vcnionia cincica Less. 

(Whole Plant) 


± 

± 


± 

± 

4 

4 

± 


A get alum conyzoidcs Linn. 

j ; 

-- 



1 * 

i _ 

4- 

4 
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;; i 

1 
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M 

i 4- 


4- 

4- 

4- 

+ 

4- 

+ 
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Eclipla alba Hassk. 

)» 
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ft 


— 

_. 





.. 

_ 




\ pm ynacccac 

\'inca i o^ca Linn. .. 

(Shoot) 

± 

4 

4* 

| 4- 

i + 

± 




ls< lepunliU eac .. 

Calohopis proicia R Hr. .. 

+ 

4* 

4- 


4* 

4- 

4- 

4- 

4- 

Boi a# incae 

Hclioh opium indinun Linn. 

(Whole Plant) 

+ 

+ 

4- 







Sola mu eac 

Sola nu in nigrum Lint). 

99 

1 ± 

4 

4- 

■ 

± 

± 

4- 





So ophulai iaceac 

1 1 erpes t is chamacd route s 


— 



_ 




— 



Linn. 

Vandcllia Crustacea Bcntli. .. 

9 t 

1 










Scoparia ditlcis Linn. 

9 9 


__ 







4 



. 1 canthaceae 

A ndrographis paniculala 












Noes. 

99 

‘ 4* 

4- 

_ 

_ 




4 






Rucllia tuhnosa Linn 

9 9 

; + 

4- 

_ 


j 




_ 

— 

W'lbenareae 

l.ip pin nodi flora Rich. 

(Leaves) 

. + 

4- 

4- 

4- 

+ | 

4- 

4- 

4* 

4- 


\ itcx ncgundo Linn. 

i 






4 



Labial eac 

Lconmus sibiricus Dim. 

(Whole Plant) 

± 

± 

± 

± 

± \ 

± 

4 

4 

4 

Plantagincac 

Plantago ovata For.sk. 

(Seeds) 

— 









Svctagineae 

Boerhavia re pens Linn 

(Whole Plant) 

— 




± 

4- 



4- 

_ 


Amaiantaceac 

Altcrnanthera sc ss il is R. Hr. 


— 

_ 









Polygamic cac 

Polygonum orienlalis Linn. 

n 


_ 



— 






_ 

P. seriulatum Lagasc. 

a 

4* 

4- 

_ 


4- 


4* 





Pipe iaceac 

Piper nigrum Linn. 

(Seeds) 



__ 

_ 



4 




Pcpcromia pelhieida Kunth. 

(Whole Plant) 

— 


__ 







_ 


Lamaccae 

Unnaniomum zcylanicum 












Breyti. Bark. 

f< 

+ 

4- 



± 



4- 

4- 

— 

Euphorbiaccae .. 

Euphorbia thymilolia Linn. 

1 9 

— 1 



1 






__ 

E pilulifera Linn, .. 

99 

4- : 

4- 

— 

4- 

4* 

4- 

+ 

4- 



Phyllanthus niruri Linn. 


— 


— 








Cm l o h s pa rsifloru s M < >ru ng . 

f 

4- 

4- 

4- 

4- 

4- 

+ i 

4- 

4- 

4- 


Acalvpha hid lea Linn. 


— 

_ 








1 rticaceac 

Flcurya interrupta Gaud. .. 


— 

— 

— 


_ 

— 




— 


Ficus religiosa Linn. 

99 

1 " 



“ 

— 

— 

— 

r 

— 


4 - indicates a complete inhibition on the plant-extra agar side. 

- indicates no inhibition of bacteria inoculated. 4 indicates less growth or partial growth. 
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3*75 mis. of sterile double strength nutrient agar 
(nutrient agar with the various ingredients in twice 
the normal proportion ; pH 7*4) at 42 0 — 45°C and 
made up to 7*5 mis. with the addition of sterile dis- 
tilled water at 42 0 — 45 °C. Temperature was found 
to play an imoprtant role as in some cases when the 
plant extracts were mixed at a higher temperature 
loss of activity was noticed. The whole was poured 
into the empty half of the petri dish which originally 
contained an agar bed of 7 5 mis. of nutrient agar. 
After cooling and on solidification the plates were 
dried at 37*5°C with the lids of the petri dishes kept 
slightly ajar, for 3 hours to obtain agar surfaces dried 
and freed from the water of condensation. 

18 hour young growths of the test species on 
nutrient agar were suspended separately in sterile 1% 
peptone water to produce a 10 opacity suspension 
(nephelometry) and streaked across with an L-shaped 
platinum wire along their respective zones marked as 
described previously. The width of the streaks 
drawn was approximately 0*5 cm. Approximately 
0*005 ml. per half zone was the amount of inoculum 
seeded in each case. The plates were incubated at 
30° — 40°C and were observed after 24 hours. The 
results of the experiment are presented in the 
Table : 

Discussion . — It is evident from the Table that 
the majority of the plants showed negative results 
whereas 11 out of the total lot have shown complete 
inhibition of many or all the species seeded. They 
are as follows : 

Pas si flora Joctida Clycosntis pentaphylla 

Clematis Cadmia Clematis gouriana 

Cinnamoimtm zeylanicum Calolropis procera 
Tagetes patula lAppia nodiflora 

Euphorbia pilulifcra Hiptage Madablota 

Croton sparsiflorus 

A few others have also shown partial inhibition 
of many of the test species and in a few cases gram- 
sensitiveness of the inhibitors were noticed. Shigella 
dysenteriae var. Shiga was usually the most suscep- 
tible of the organisms tested as in many cases it was 


alone completely inhibited. The colonies of the con- 
taminants from the plant material which appeared 
in many of the plates did not, however obscure the 
readings of the results. The advantages of the modi- 
fied method are : (?) the control and the experiment 
under the same conditions of inoculation and incuba- 
tion can be compared side by side ; (ii) antibacterials 
which are noil-diffusible can be tested and (???) non- 
sterile extracts can be studied. 

Summary 

57 species of plants belonging to 32 families are 
collected locally and tested against q different species 
of gram-positive and gram-negative micro-organisms 
and the results tabulated. 

11 species of plants show complete inhibition of 
growth of many or all the organisms seeded and a 
few others exhibit partial inhibition, the remaining 
giving negative results.* 
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SOME PO TAMOLOGICAL ASPECTS OF THE RIVER HOOGHLY 
IN RELATION TO CALCUTTA WATER SUPPLY* 


H1MANST KUMAR ROY, 

WATI.K WOK KS l.AHOKATOUY, CALCUTTA COKI’OK U ION 


T nK lyietropolitan town of Calcutta with a normal 
population of ;>,otS,8qi (i 941 census) is situated 
on tlie hank of the Roughly which is the estuary 
ol three different rivers, viz., the Bhagirathi, Jalangi 
and Mathabhanga. The rivers joining the Bhagi- 
rathi from the east and the west carry down huge 
amounts of sand and silt during the rainy season, 
and the so-called red water appears in the Roughly 
carrying with it all the wash-water of Santal 
Paiganas and Chotanagpur. The flood and ebb-tides 
play with these silts- and sands twice every day thus 
making it difficult for these to come out of the river 
bed— consequently, the bed of the river gradually 
rises with their deposit (Bose) 2 . The filtered water 
supply of Calcutta is made from Palta Pumping 
Station situated at a distance of about fourteen miles 
up the proper city of Calcutta, on the bank of tlie 
Hooghlv. The Hooghlv water is pumped into the 
settling tanks where it is settled for about 48 hours 
and then filtered through the sand filter beds by the 
slow sand filtration method. It has been observed 
that every year during the summer months and also 
to a less extent during the winter mouths there is a 
tendency towards a reduction in the filtered water 
supply due to some i actors hampering with the 
normal working of the filter beds at Palta. 

Preliminary investigations reveal that excessive 
algal growth is responsible for this trouble. The 
large filamentous growth seems to have no concern 
with this trouble. With a view to find out if the 
plankton organisms in the river water have got any 
direct influence on the w T oiking of the filter beds, 
the author has made a qualitative as well as a quan- 
titative study of the river water plankton together 
with a study of their ecology and seasonal ar?d 
annual variations, over a period of three years from 
July, 1945 to June, 1948. These findings may well 
represent a good length of the river, as the longi- 
tudinal variations of the environment are commonly 
not found in short stretches and the samples are 
collected off the shore. 

The quantitative estimation is done according to 
the following procedure. The sampling is done 
daily in the morning in “a one-litre bottle” off the 
shore wherefrom the water is pumped into the settling 
tanks. The sampling bottle containing the water is 


* This article is based on the Paper read at die Indian 
Science Congress, 1949. \Proc. 36th I. S. t Pail III. 
Abstracts, p, 147), 


shaked well very gently, one drop of tiy water is 
taken on a glass slide from a 1 c.c. pipette and very 
lightly covered with a cover glass so that the whole 
system forms a square-block as it were. This block 
is examined under the microscope diametrically across 
the centre for two paths at right angles to each other. 
The organisms in these two paths are counted in 
terms of areal standard units of Whipple 11 (1 areal 
standard unit- 400 sq. /*). The count thus obtained 
is multiplied by the product of the number of drops 
delivered by the 1 c.c. pipette and the ratio of the 
diameter of the cover glass to twice the diameter of 
the field of view of the microscope, to have the 
approximate standard units per c.c. The method is 
a simple modification of that of Lackey,” in that 
the samples are not centrifuged before quantitative 
examination. 

The identifications are done with the help of 
standard keys up to ‘genus’ only (h'ritsch,''* “ 
Whipple, 11 Ward and Whipple 12 ). The unidentified 
genera are taken into consideration in group treat- 
ments alone. All the unidentified flagellates and 
ciliates are included undei the group ‘Protozoa 
The ‘Myxophyceae* and ‘Sohizomycctcs’ have been 
considered together under the group ‘Schi/ophyta’ 
(of Kngler), I11 the determination of annual yields, 
the months from July of one year to June ol the next 
stand for one complete year. The chemical analyses 
of the samples are done according to standard 
methods of water analysis. 

The plankton flora is found to be composed of 
only 40 genera, of which 38 belong to algae, 4 to 
Protozoa and Rotifera and 4 to Schizomyeetes, i.e. f 
higher bacteria. These arc : 

I. Algae ( classified according to Frit sch) : 

lsokontae ( Chlorophyccae ) — Pediastrum , Micrac- 
tinium , Tetracdron, Ankistrodesmus, Acti- 
nastrum , Cmcigcnia , Scencdcsmus, Cemi- 
nclla , Pcnium, Closterium , Cosmarium. 

Bacillarialcs (Diaiomaccac) — Melosira, Cyclo - 
tella, Stephanodiscus, Coscinodtscus, FragiU 
laria, Syncdra , Navicula, Stauroneis, Pleura - 
sigma , Gomphonema, Cymbclla, Encyonema, 
Rhopalodia, Bacillaria, Nitzschia, Surirclla . 

Peridineae (Dinophyceae) — Glenodinium and 
Peridinium . 

b < uglen in ear — Fug leva, Pkacus, T rachelontonars 
and Ascoglena . 
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Myxophyccae — Oscillatoria, Phorm id ium , Ly n ti- 
bia, Anabctena, A phanizomenon . 

II. Protozoa (classified according to Calkir) : 

Sa rcodi n a — / > iftlugia . 

M as t igo pho ra — M o n as , 

I nfu so ria — ( o don cl la . 

III. Roli [( ha : (classified ai co iding to I la ds o it a n d 

Gvsse) : 

B del to i da — R o tij c r . 

IV. Schizomycetcs or JUgher Bacteria : 
Chlamydobacieriales or iron bacteria — Leplo- 

thrlx, Didymohelix and Crenothrix. 
Thiobacterialcs or sulphui bacteria — Ueggiatoa. 

The Crustacea are some times recorded and the 
higher Crustacea, i.c., the crab, is found to occur 
during less plankton growth, but no attempt is here 
made for their quantitative and other studies. 

The quantitative findings of this study are sum- 
marised in the following condensed tallies where the 


TABLE 1 


Weraok Annum, ytivm > in aural standard units run c.c. or 
‘Phyto plankton’ and ‘Zooplankton’, also expressed as 

PERCENT VOV or THAT OK TOTAL PI,\NKTON 



■\u rage 
Total 

Average j 

Average 

Year 

PliUoplankton 

Zooplankton 

Plankton 
S P./V < . 

s I'./n’. 7;, of T.P. 

S.F./c.o. 

%of T.P. 

’ 

1945-46 .. 

710 

653 92 

: 57 

8 

1946-47 

109 

142 84 

27 

16 

1947-48 ... 

259 

215 83 

i 44 ! 

; i 

17 ■ 


yearly averages only of the yield of the different 
plankton organisms have been taken into considera- 
tion. The yearly averages have been obtained from 
the monthly averages which in their turn have been 


TABLE II 


AVERAOE ANNUAL YIELDS IN AURAL STANDARD UMTS PRK C.C. OK 

‘Diatoms’, Sci-hzopiiyta and ‘Chlorophyckah’, also expressed 

AS PER CENT or THAT OF ‘PHYTOPLANKTON’ AS A WHOLE 


0 < 

Oi 


1 


Average 1 
Diatom yield 

Average 

Selnzophyta 

yield 

i Av< 
j Ch 
I plr 

yi 


Average 




Phyto- 


1 

] 


- " 1 


Year 

plankton 


pu 1 

1 

04 ’ 



yield 

6 

1 04 ! 

6 ! 

ol 



S.ij./c.c. 

u 

1 ^ 1 

0 

Si i 

. 1 


u 



L> 


U 

0 ! 




(A 


w 

e°- 

(6 

: 

1945-46 ... 

653 

335 

51 

182 

28 

108 

1946-47 ... 

142 

96 

68 

26 

18 

5 

1947-48 ... 

215 

161 

75 

l 

42 

19 

7 


17 

4 

3 


§ calculated from the average weekly yield, the weekly 
average yield being the mean of the daily readings. 


. ( 

The daily readings represent the mean of five differ- 
ent countings done with five drops of water separately. 

From the above Table I it is found that the 
‘Phytoplankton* plays the main role in determining 
the annual variations in the .yield of the ‘Total 
Plankton*. This is also evident from Fig. i. 



FIG. I 

ANNUAL YIELDS OF ’TOTAL 
PLANKTON', 'PHYTOPLANKTON 
AND 'TOTAL DIATOM COM PARE 
AND THEIR VARIATIONS DURING 
THE THREE YEARS OF STUDY 
RIVER HOOGHLY AT PALTA . 

A?- MONTHLY AVERAGES .7945-46+ 
1946-47 ; 1947-48. 


EZ 2 I TOTAL PLANKTON. 
1 — I phytoplankton . 
mm TOTAL D/ATOM. 



1945’ 194G 1946-1947 1947-1948 


Fig. 2 will show this to be the fact with regard to 
t lie seasonal variations of the ‘Total plankton* also. 

A comparison of fig. \ with fig. 2 and an exami- 
nation of table II above will show that the ‘Diatoms’ 
play the most important part in the execution of 
the cycle of seasonal as well as annual variations 
of the ‘Phytoplankton*. This is also the observation 
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of Dam ami 3 in his study of the Lake Michigan 
Pfankton, This will he self-evident from fig. i also. 

The maximum yield of the ‘Diatoms* as also 
of the total ‘Phytoplankton* is recorded during the 
winter months, as will be seen from figs. 2 and 3> 


wave of the yield of the ‘Diatoms* during the winter 
is not due to the same genus every year. From 
Table III Mclosira is found to be the most dominant 
diatom during the years 1945-46 and 1946-47, repre- 
senting 52 and 20 per cent respectively of the 



in all the years of study. The winter pulse starts 
just with the close of fall and is continuous with the 
least significant spring pulse which terminates not 
later ttym June or July. I)amamr‘ had also got 
similar readings with diatoms such as Fragillaria, 
Tabcllaria, etc. Although ‘Chlorophyceae* was pre- 
dominant and not the diatoms, Purdy 1 0 in his study 
on the Illinois River, however, has mentioned of the 
maximum Phytoplankton-yield during the spring or 
summer. It should be noted that the temperature 
of the Illinois River during the spring or summer 
more or less approaches the winter temperature of 
River Ilooghly. 


average annual yield of ‘Total Diatoms’. Damann 3 
in his study of Lake Michigan Plankton found this 
to be a seasonal dominant producing only above 
2 per cent of average ‘Total Plankton*. The high 
annual yield of Mclosira as found by the author is 
due to its huge yield during the period of domi- 
nancy as will lx* seen from fig. 3. In the third year, 
however, the yield of Mclosira is almost insigni- 
ficant compared to that of the previous years, when 
Coscinodiscus takes up the dominant phase produc- 
ing 7 A per cent of the ‘Total Diatoms’. This loss 
or gain of annual domi nancy may be due to the 
natural cycle of annual variations of the different 


TABLE III 

AVERAGE ANNIJAI, YIKI.DS IN ARKAI, STANDARD UNITS PER C-C. OF THE DIFFERENT 1)1 ATOM GENERA, AI.SO EXPRESSED AS 

PERCENTAGE OF THAT OF TOTAL, T) I ATOMS* 



1 


i 

( 'oschtadiscus } 



1 

1 

1 


1 


Year. 

\y. Total 

Mclosira (av.) 

(av.) j 

Nitzschia (av.) 

Synedra (av.) 

Navicula (av.) 

Rest (av.) 

Diatoms. 



1 

1 










S.l T . /t\i\ 

S.r./e.e. 

%T.I>. 

S.U./ex. 

%T.IJ. | 

S.IT./C.C. 

%T.D. 

S.U./e.c. 

%t.d. 

vS.U./c.c. 

%t.d. 

S.U./e.c. 

%T.D. 

1945-46 

335 

174 

52 

59 

18 

28 i 

8 

20 

6 

: 

29 

9 

25 I 

7 

1946-47 

90 

19 

20 

11 

11 

31 1 

32 

5 

5 

5 1 

5 

25 

26 

1947-48 

101 

8 

5 

119 

74 

18 

11 

1 

1 

2 

1 

13 

1 8 

| 













_ .. 


1 

_ 



Tabic III above shows that the same genus of clankton organism^ which can only be ascertained 

diatom has not got similar yields during the different by collecting data for some future years ; or it may 

years of study and that all the genera are not equally be due to the changing hydrographic conditions, 

responsible for the annual variations in the yield Damann 3 found a recurring two-year cycle of the 

of the ‘Diatoms’. This is evident from fig. 4 as well. ‘Total Plankton* yield of Lake Michigan on studying 

Also, it is distinctly seen from fig. 3 that the pulse- the data collected over a period of 16 yeans 
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1926 to 1942. It will be seen from fig. 5 and Cyclotella, Stephanodiscus, Fragillaria, Stauronejs, 
Table III that the ‘Rest Diatoms’ consisting of Pleurosigma , Gomphonema, Cymbclla , Encyonema , 
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AVERAGE ANNUM, YIELDS IN ARE\I, STANDARD UNITS 1MIR C.C. OK THE DIFFERENT CROUPS OF PHYTO- AND ZOOPLANKTON, 

ALSO EXPRESSED \S PFR CENT OK THAT OF TOTAL PLANKTON. 


Av. CliloropliA - Av. Diatoms. 
lAv. Total eeae (Jiaeillariales) 

Year. \ Plankton I 


\l) inoph} oeaef f Av * Ku^lenineae. i Av. Sclii/opliyta., Av. Protozoa. 


1 

1 

! 

s.r./v.c 

’ S.T./c. c. 

%t.i\ 

jS.r./e.c. 

j %T.I\ 

S.P./c.e 

%T.P. 

S.U./v.e. 

i 0 / t p 

1 A> 1 1 ■ 

1 

S.tT./c.e. 

%T.P. 

;S .it. / c.c. ! 

%T.P. 

1 

1 

1945-46 

710 

108 

15 

335 

47 

12 

2 

! 

16 

j 

2 

182 

26 

! 54 

1 8 

1946-47 1 

! 109 

5 

3 

90 

i 57 

4 

2 

11 

! 6 

26 

16 

1 26 

IS 

1947-48 | 

259 
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3 

101 

j 63 

3 

1 

2 

1 

! 42 

! 

17 

1 38 

1 >5 
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annual YIEIOS OF THE DIFFERENT DIATOMS 
VIE MUOS/RA. COSCt NODISCUS . NITZSCHIA .NAf/CUU, 
SYNC DR A AND ' REST’ COMPARED, AND THEIR VARIATIONS 
DURING THE THREE YEARS OF STUDY . RIVER HOOGHLY 
AT PALTA (2- MONTHLY AVERAGES ~f945-4Gi 1944-47* 
1947 - 46 ; 


■I 


* khfC 


E23 

□ 


ME LOS IRA 

COSCINODISCUS 

NITZSCHIA 

NAYICULA 

SYNEDRA 

REST 




$94S- $949 


/ 949 - $947 


$ 941 - 1949 ' 


Rhopalodia, Bacillaria and Surirclla have as a group 
at least some influence in determining the seasonal 
and annual variations of the ‘Total Diatoms', though 
negligible in yield for being considered separately. 
Damann 3 found the ‘Rest Diatoms’, behaving in a 
similar way, though his grouping was not done with 
the same genera. 

The two genera Oscttlaloria and Beggiatoa, of 
the Schizophyta together appear to have a similar 
annual trend of yield during the different years of 
study, while the other two Anabacna and f.cptolhrix 
show their annual trends varying from year to year 

A11 examination of Table IV above will indicate 
comparatively the annual dominancy of the different 
groups of Phyto- and Zoo-Plankton, relative to the 
average annual yield of the ‘Total Plankton’. From 
this as well as from the above tables, the ‘Diatoms’ 
are found to occupy the first place as regards yield 
in all the three years of study. The Protozoa is 
found to come third in order of dominancy in both 
the years 1946-47, and 1947-48 for a yield only, and 
2 per cent less respectively to that of the *S chizo- 
phyta ’ ; if, however, the flagellates ‘Dinophyceae & 
Euglenineac* are considered under the group 
‘Protozoa’, this group holds the second position as 
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observed by Damauii.* The relative dominancy of 
the other groups is varying from year to year. 

Plankton-production seems to have no direct 
relationship with the turbidity, though the highest 
yield is obtained during the lowest turbidity period, 
as also found by Dainann. 4 The turbidity, however, 
seems indirectly to be related with the plankton 
yield in as much that it controls the sunlight avail- 
able for the development of the heliophilous 
organisms. The ‘Total Plankton*- or ‘Phyto- 
plankton ‘-yield of the river water is found to be 
much reduced during the monsoon. 


TABLE V 

\ VKUAOK ANM’Al, YIELD OK THK PLANKTON IN S.T. /C.C. AND 
ToTAI, ANNUM. RAIN FALL IN INCITES 


Years. 


A\. annual yield of ! 
Hie ‘Plankton* ! 

(S.P./c.c.) i 


Total rain fall in 
inches. 


1945-46 

710 

1946-47 

169 

1947-48 

259 


33-98 
52-7 
50 05 


From Table V above, the total annual rainfall 
is seen to have a distinct reverse relation with the 
average annual yield of the ‘plankton*. This reverse 
relation will also be found to hold good in case of the 
seasonal yield of the ‘Plankton* on comparing fig. 2 
with fig. 6. The actual reason for this reduced 


follows : “Rising suddenly from low levels (3 ft.) 
to overflow stage (i2‘6 ft.) in 12 days, it depleted 
the channel plankton from 2’6 c.c. per cubic meter 
in the initial stages to 0*08 on the 25th, if not, indeed 
earlier**. 


TABLE VI 

Average anmjai, yield of Diatoms in stand.4<d units pkr 

C.C , ALSO EXPRESSED AS PER CENT OF TOTAL PHYTOPLANKTON 
AND AVERAGE ANNUAL, SALINITY OF THE RIVER WATER 


Years. 


Av. yield of 
Diatoms 
S.U./e.c. 


Av. Diatom yield as 
per cent of Total 
Phytoplankton 
yield. 


| Av. salinity.’ 

i 


1945 - 46 

1946 - 47 

1947 - 48 


335 

96 

161 



68 

75 


15 

23 

26 


From Table VI above, it is seeii that the yearly 
average of salinity of the river water shows an 
increasing tendency over the 3 years* period of study. 
It is also seen from the same Table that there is a 
regular increase every year in the average annual 
yield of the diatoms expressed as percentage of that 
of the ‘Phytoplankton*, though the average annual 
yield of Diatoms in areal standard units per c.c. does 
not fallow the same sequence. This indicates that 
the ‘Phytoplankton* becomes more and more repre- 
sented by the diatoms (sea-water organisms) as the 
successive years pass on and also as the water 



Plankton yield and reverse relation is not clear, but 
amongst other factors such as current and quality 
of the water, beating of the raindrops, etc., the 
increasing dilution of the Plankton-loaded water 
with the increasing rainfall and the wash-water of 
the Cliotanagpur, Santal Parganas, etc., brought 
during the monsoon period may be held chiefly 
responsible for this. Kofoid 8 reported the action of 
the December, 1895, flood on the Illinois River as 


becomes more and more saline, the Hooghly water 
thus approaching the characteristic of the sea-water. 
One of the reasons of this may be the gradual rising 
of the river bed resulting in lesser and lesser influence 
of the monsoon- water in bringing about the dilution 
of the water brought by the sea. It will be seen 
from a comparison of figs. 2 and 7 that the river 
water has got the highest dissolved oxygen content 
and lowest oxygen consumption during the winter, 
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the period of maximum ‘Phytoplankton * yield. 
This goes quite parallel with the theory that more 
Phytoplankton growth sets free more oxygen by 
photosynthesis than it consumes by respiration, 
resulting in an ultimate increase of the dissolved — 
oxygen content, as this does not appear to be singly 
due to the if all in the water temperature. Thus on 
comparing /the dissolved oxygen content with the 
temperature of the river water during December and 
January, 1945 it is found that the dissolved oxygen 
content instead of increasing decreases with the 
decreasing water temperature. This is also evident 
during the succeeding years. Also though the dis- 
solved oxygen content of the* river water never 
reaches its saturation point except on the 3rd week 
of September, 1945 when it is far above the satura- 
tion point, it is near about cS parts per million during 
the whole of December T945 and first part of January 
1946, when the phytoplankton-yield is also very high 
and again reaches 8 parts per million during the last 
two weeks of high phytoplankton-yield of December 
IQ47 I but it never reaches the limit of even 7 parts 
per million during the winter of 1949-47 when the 
pulse of phytoplankton-yield is almost insignificant 
compared to the corresponding pulses of the preced- 
ing and succeeding years. The dissolved oxygen 
figures of the 3rd week of September 1945 showing 
a value far above the saturation point, cannot how- 
ever be explained in the light of photosynthetic 
activities as the phytoplankton -yield during this 
period is not considerable compared to that during 
the winter. A record of high wind on this occasion 
may be advanced as an explanation of this high 
figure, but this does not seem to be sufficient reason 
for this high figure. This may however be due to 
errors during collection and examination of the 
sample. 

A very strict quantitative relationship cannot 
however be traced between the phytoplankton-yield 
and dissolved oxygen content. This may be due to 
some limitations imposed upon the photosynthetic 
activities or upon the availability during sampling of 
the gaseous products of photosynthesis by the chang- 
ing environmental and hydrographic conditions of 
the river. Again as the samples are collected early 
in the morning, the convection current set up at night 
due to the cooling of the surface water may bring 
about wide differences in the dissolved oxygen 
figures even when there is a huge growth of algae. 
Also decomposition and respiration going on at night 
may be responsible for this difference. 

The winter-low content of nitrate and albumi- 
noid ammonia in the river water may be explained 
as due to a rapid consumption of these by the huge 
plankton growth. That the plankton-yield begins 
to increase with the increase of hardness of the water 
may be explained as due to the stimulus obtained 


from a greater amount of free carbon dioxide accom- 
panying the water of high hardness. The alkalinity 
of the water is determined with methyl orange as 
indicator and the hydroxide alkalinity is found to be 
nil or almost negligible during the whole period of 
study and so the alkalinity is almost entirely due to 
carbonates and hi -carbonates. The total hardness is 
found not to be much greater than the alkalinity 
and some times it is found to be even less. So the 
non-carbonate hardness appears to be very little and 
this carbonate and bi-carbonate alkalinity appears 
to be the reason also of the increase in the yield of 
phytoplankton when the alkalinity is tending to rise. 

The optimum temperature for the growth of the 
diatoms seems to be near about 20°C. This tempe- 
rature more or less approaches the limit observed by 
Daman n, namely 6o°F. Hut the maximum tempe- 
rature for the growth of diatoms such as Niizschia, 
Synedra , etc., as observed by the author is far above 
this limit of Datnann. The rest of the diatoms as 
a group appear, unlike Damann’s observations, not 
to be conditioned in their yield by the water tempe- 
rature. Similar is the case with Protozoa. The 
actual genera included in this group by the author 
and Dainann respectively, may have some bearings 
on their respective findings. Also it should be noted 
that the hydrographic conditions of river are more 
flexible than those of a lake. The growth of Chlo- 
rophyceae appears not to be favourable at or above 
25°C, in conformity with the observation of Dainann 
that the Chlorophyceae does not grow at or above 
6o°F. On comparing Fig. 2 with Fig. b, the water 
temperature, when considered singly, appears to be 
the most important factor in determining the seasonal 
periodicity of the plankton as observed by Dainann. 
Kofoid also came to the same conclusion in a five 
years* study of the Illinois river. 

From the data at hand it is concluded that the 
growth of diatoms in river water may be directly 
responsible for the eliokage of the filter beds during 
the winter. From Fig. 3, a quantitative relation- 
ship in some form or other seems to exist between 
the pulse of Diatom-yield of the river water and 
High Head of the filter beds indicating the propor- 
tion of eliokage, during the winter. The Diatoms 
occurring in the river water are also recorded from 
the water in settling tanks almost in similar 
strengths. They - are also recorded from the sand 
collected from the filter beds with or without some 
other organisms. But the chokage during the sum- 
mer appears to be due to some growths, intriftsic 
to the settling tanks and filler beds of diatoms 
such as Synedra , Niizschia, etc., either indepen- 
dently or in collaboration with some thread-like 
organisms such as Oscillatoria (steel- blue in 
colour), Beggiatoa, Lcptolhrix, etc. The diatoms 
mainly responsible for the winter chokage appear 
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to be Melosira and Coscinodiscus (figs. 8 and 9) 
belonging to the ‘Cnitricae 1 with or without some 
other organisms. A ‘blocking* effect due to the 
diatoms of ' Caitncac ' group is also reported by 



Vic,. S Chain of Melosira Various Ag. with 
auxospore x 300 (approx.). 

Vic, 9 . Coscinodiscus sp. x700 (approx.) 

Houston.' He also reports the difference in the 
growth of plankton in the raw and stored water, the 
reservoirs harbouring growth of one or another kind 
irrespective apparently of the water pumped into 
them.* 

* The author wishes to express his deep sense of grati- 
tude to Dr M. lb Ahmed, Health Officer and Dr S. K. Ghosh, 
Chief Analyst, Calcutta Corporation, for the encouragements 
and facilities given to him during this study and also to 
Sri C . I>. Hose for his helpful assistance -n course of 
the chemical analysis of the samples. 
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a INDIAN SCIENCE CONGRESS 

Thk thirty-sixth Session of the Indian Science 
Congress was inaugurated on Monday, January 3, 
194c) by the Hon’ble Pandit Jawaharlal Nehru, Prime 
Minister and Minister for Scientific Research, Gov- 
ernment of India at the Allahabad University. 

Her Excellency Srimati Sarojini Naidu, Governor 
of the United Provinces and Chancellor of the 
Allahabad University welcomed the members and 
delegates who had come to attend the Session. She 
said that they were all men of science who had 
dedicated themselves to the cause of salvation of 
humanity from destruction. Today the world was 
in such a condition that men lived in fear of one 
another. Fear brought destruction ; fear brought 
hatred and created nightmarishness and fear was the 
ultimate destroyer of the world. But if men of 
science resolved for the good of humanity how mar- 
vellous the world would be ! She was confident that 
the scientists who had gathered there were a bril- 
liant galaxy of men and they would serve the right 
cause. To talk of freedom \\a£ mockery and sinister 
if it was not realised that every human being had a 
right to salvation said Srimati Naidu. 

Requesting Pandit Nehru to inaugurate the 
Congress, Srimati Naidu said that they had found 
in him a man who had sacrificed his all for the 
national freedom and also for the cause of inter- 
national co-operation. He had become their inspira- 
tion and guide. 

Inaugurating the Session Pandit Nehru said : 
that one thing which was greatly agitating his 
mind was the present condition of the world, It was 
definitely in a bad way and as scientists it became 
their duty to analyse the causes of this rot. 

“I think that with the advancement of science 
the balance of the human mind has not advanced. 
We still live in different grooves and think with a 
narrow outlook. The result is that the poise of the 
world is disturbed, putting it in a bad way. I feel 
it is the duty of scientists to see that along with the 
advancement of science this balance or poise of mind 
also advances. I do not ask you to go back, for 
going back means fading away. There should cer- 
tainly be an attempt to preserve everything we have 
got and to add to it, but there should also be, side 
by side, an attempt to balance it. This balancing 
should be done in all spheres, economic, political 
and even in the spirit of mankind. 


“The conflict of spirit which has been generated 
due to this disturbance of the balance affects all and, 
as scientists, it becomes your duty to ponder over it 
and solve it and bring back the lost balance.” 

Pandit Nehru said that they were living in a 
period when most people talked about science, 
praised science and its achievements and thought in 
terms of science. Undoubtedly science had done 
tremendous work. Undoubtedly they had to con- 
centrate on advancing scientific research and its 
application. He realized that every country must 
do its utmost in respect of scientific research and its 
application. They realized that they could not solve 
their problems without the help of science. 

Science must progress, and they as a Govern- 
ment would certainly provide all the opportunities 
for the progress of science. But what really counted 
was not the money and the institutes and the oppor- 
tunities that flowed from the Government but human 
beings of the right calibre. He believed that many 
young men in the scientific field were of the right 
calibre and they were bound to make good progress 
if they were given good opportunities. 

Pandit Nehru laid stress on quality rather than 
quantity of work in the scientific field. He thought 
they were not yet as big in the scientific field as 
India ought to be. They were lost in the smaller 
things— in mutual debates and arguments and did 
not concentrate on real scientific work. He would 
therefore like to see fundamental work rather than 
superficial work and a spirit of true science inspire 
them and head them to bigger achievements. 

Sir K. S. Krishnan, General President of the 
Congress, addressing the delegates announced that 
the Government of India was setting up an Atomic 
Energy Commission under the chairmanship of the 
Prime Minister, Pandit Jawaharlal Nehru. He said 
the development of atomic energy had become of 
great topical interest and it was fitting that in the 
research of this energy India will not lag behind 
other countries. 

The President also announced that the Govern- 
ment of India were shortly going to establish an 
Institute of Scientific Research and wanted Dr Sir 
C. V. Raman’s services on the Institute. Pie felt 
happy on the offer and hoped that under Sir C. V. 
Raman the Institute will be of real utility and 
importance to the country. 
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NATIONAL INSTlTbrE OF SCIENCES OF INDIA 

Presiding over the* annual meeting of the 
National Institute of Sciences of India on January 
4, 1949, Dr S. S. Bhatnagar emphasised the need 
for an “even and constant flow of scientific workers 
and leaders imbued with the zeal and zest for 
research in India/* 

I>r Bhatnagar said that there should be sufficient 
financial and material resources appropriate to each 
stage of development and stressed the necessity for 
bold and flexible thinking in framing the policy of 
the Universities. 

He added, “While industrial research is the 
prime necessity for development, a vigorous pursuit 
of fundamental research is vital, being the source 
from which extraordinary applications are likely to 
emerge. It is necessary for young men to follow 
in the wake of great scientists and blaze the path 
of the better world of to-morrow.” 

Dr Bhatnagar surveyed the work of the National 
Institute of Sciences and of the scientific activities 
in the country including the formation of the 
Department of Scientific Research, the creation of 
the post of Scientific Adviser to the Ministry of 
Defence, and the importance of co-ordination for 
organised team work, avoidance of duplication and 
planning of new scientific projects. 

Dealing with the Department of Scientific Re- 
search created in June last year under the direct 
control of the Prime Minister Pandit Nehru, Sir 
Shanti Swamp said that during the short time the 
Department had been in existence it had paid out 
grants to learned societies and researcli institutes 
totalling over rupees 14 lakhs and it was expected 
that further grants amounting to about Rs. 8 lakhs 
would be made before the financial year closed. 

Continuing he said, “the development of science 
and industry in this country will need a large poten- 
tial scientific man-power. While National Labora- 
tories and research institutes will play an ever- 
increasing part in furthering the application of science 
to industry, it is clear that ultimately we have to 
depend upon the Universities for an even and con- 
stant flow of scientific workers and leaders imbued 
with zeal and zest for research. The fast-clianging 
W'orld conditions and the new r role of science neces- 
sitate a vital change in the outlook of the Universities 
and the Government. 

“Universities have been rightly regarded as the 
fountain-head of knowledge and it is in their free 
atmosphere that we should look forward to vigorous 
pursuit of fundamental research. Fundamental re- 
search is the source from which extraordinary appli- 
cations are likely to emerge and unless w T e keep 
ourselves in the forefront of fundamental work, it is 


unlikely that we would make much* original contri- 
bution to applied research. I would make a special 
appeal to our Universities, our research institutes and 
our learned societies not to slacken their support for 
fundamental research . * * 

In conclusion, Dr Bhatnagar, referred to the 
'Science Club* organisation of U. S. A. wiiich serve 
as a recruiting ground for scientists of exceptional 
ability. The Clubs are administered by a Science 
Service which conducts annually a Science Talent 
search through which promising boys and girls are 
selected for further training. He suggested that we 
might follow the experience of U. S. A. and start 
“Science Clubs” and help solving India’s shortage 
of scientific manpower. 

Tiie following were elected Office bearers and 
Members of its Council for the year 1940 : President 
— Prof. S. N. Bose (Calcutta) ; Cicc-I'residents — Prof. 
A. C. Banerji (Allahabad), Maj-Gen. Sir S. S. Sokhcv 
(Bombay) ; Treasurer — Dr C. O. Pandit (Delhi) ; 
Foreign Secretary — Dr J. N. Mukherjee (Delhi) ; 
Secretaries- Pvoi. D. S. Kothari (Delhi), Dr II. S. 
Prulhi (Delhi) ;Editor oj Publications — Dr S. L. 
Plora (Calcutta) ; Members of Council — Dr K. N. 
Bagchi (Calcutta) ; Dr S. K. Banerji (Delhi), Mr S. 
Basil (Poona), Prof. H. J. Bliabha (Bombay), Prof. 
S. R. Bose (Calcutta), Dr B. B. Dev (Madras), Prof. 
A. C. Joslii (Hoshiarpur)j Dr S. Krishna (Dehra Dun), 
Sir K. S. Krishnan (Delhi), Prof. S. K. Mi Ira 
(Calcutta), Dr B. Mukerji (Calcutta), Mr G. R. 
Paranjpe (Poona), Dr M. Prasad (Bombay), Mr J. M. 
Sen (Calcutta), Dr A. C. Ukil (Calcutta),' 

The following distinguished foreign scientists 
were elected Honorary Fellows of the Institute : 

Prof. Louis de Broglie, Professor of Theoreti- 
cal Physics, Poincare Institute, Sorbonne, 
Paris. 

Prof. Hans von Euler, Emeritus Professor of 
Chemistry, Stockholm University, Stock- 
holm . 

Dr Harlow Shapley, Director of Harvard 
Observatory and President of the American 
Association for the Advancement of Science. 

Prof. Georg Tischler, Botanical Institute, Kiel 
University, Germany. 

The following were elected Ordinary Fellows of 
the Institute : Dr J. L. Bhaduri, lecturer in Zoology, 
Calcutta University ; Dr S. Bhagavantam, Scientific 
Liaison Officer for India in the United Kingdom ; 
Dr S. K. Chakrabarty, Director, Colaba and Alibag 
Observatories, Bombay ; Dr D. Chakravarti, Lecturer 
in Chemistry, Calcutta University ; Dr M. Damodaran, 
Assistant Director, National Chemical Laboratories, 
Delhi ; Dr B. K. Das, Professor and Head of the 
Department of Zoology, Qsmania University, Hydera- 
bad-Decean ; Dr K. Jacob, Palaeobotanist, Geological, 
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Survey of IndSa, Calcutta ; Dr T. S. Mahabale, 
Lecturer in Botany, Royal Institute of Science, 
Bombay ; Dr H. K. Mitra, Refractories Engineer, 
Tata Iron and Steel Co., Ltd., Jamshedpur ; Dr K. 
Mitra, Officer-in-charge, Nutrition Scheme, Public 
Health Laboratories, Bihar, Patna ; Dr A. H. Pandya, 
Director, Ilindusthan Aircraft, Bangalore ; Dr N. 
Parthasafydhy, Geneticist, Indian Agricultural Re- 
search Institute, New Delhi ; Dr C. Racine, Professor 
and Head of the Department of Mathematics, Layola 
College, Madras ; Dr K. C. Sen, Director, Indian 
Dairy Research Institute, Bangalore ; Dr R. S. 
Varma, Reader in Mathematics, Lucknow University, 
Lucknow . 

Awards of following Research Fellowships were 
made to * 

Imperial Chemical Industries (India) Research 
Fellowship. 

Dr S. N. Ghosh (Physics), Calcutta University, 
Calcutta . 

Dr L. R. Row (Chemistry), Andhra University, 
Waltair. 

National Institute of Sciences Senior Research 
Fellowship. 

Dr A. P. Kapur (Zoology), Zoological Survey of 
India, Calcutta. 


mote the growth of a cultural fellowship among the 
chemists in general. He referred to the Silver Jubilee 
brochure that contained a short history of the re- 
search in Chemistry in India up to the present time, 
and deplored the standard of publications which has 
not been of the order that might inspire confidence 
in a better or brighter future. The dearth of quali- 
fied and properly trained teachers and investigators 
can be attributed not only to unattractive emolu- 
ments but mainly to the simple reason that the basic 
scientific training in schools, and colleges is far below 
the standard aimed at, and that the post-graduate 
classes of the university are usually ill-equipped for 
an advanced course of study, to be followed by a 
training in research work. It is a happy news that 
the Central Government has realized the importance 
of science for the national planning and reconstruc- 
tion, and is ready to help the universities with 
financial assistance for a regular supply of trained 
personnel and research workers. Regarding the re- 
lative importance of fundamental knowledge and its 
practical application, about which there is great 
misconception among the members of the public as 
well as the scientists, Prof. Ray emphasized on the 
harmonious and orderly development of the tw T o in 
their proper relationship, giving more importance to 
pure science that promotes freedom of original think- 
ing which would help in the planning for national 
development. 


SILVER JUBILEE OF THE INDIAN CHEMICAL 
SOCIETY 

Tine Silver Jubilee Celebration of the Indian 
Chemical Society was held at Allahabad during the 
Science Congress week in January, 1949, when Pro- 
fessor P. Ray, President of the Society presented the 
Silver Jubilee brochure to the members. The Society 
was registered on May g, 1024 with Sir P. C. Ray, 
leader of the Indian School of Chemists, as its » 
Founder-President. The Journal of the Indian 
Chemical Society, which was first published in 
November, 1024 and subsequently appeared as a 
quarterly journal for the first four years, was changed 
into a bi-monthly one in 1928 and into a monthly 
journal since 1930. Since 1937, in collaboration 
with the Institution of Chemists (India) an Industrial 
and News Fdition of the journal has been published 
separately as a quarterly periodical. 

In the presidential address presented to the 
meeting, Prof. Ray recalled that the aims and objects 
of the Society are primarily to encourage and foster 
the spirit of enquiry and original research through 
exchange of ideas and information between workers 
in the same field all over the world ; to protect and 
develop the scientific life in our own country so far 
as the study of Chemistry is concerned and to pro- 


Speakitig on the subject of internatonal control 
of Atomic Energy, Prof. Ray pointed out that 
scientists of the world should organize themselves 
into an International Federation, every member of 
which should pledge himself that he w r ill completely 
non-co-operate with all activities connected w T ith 
preparation of war. About the problem of the 
medium of instruction and expression for science 
in free India to-day, Prof. Ray believed that India 
has already acquired an international reputation in 
the scientific world and she can ill -afford to make 
any rash experiment with her system of education, 
which may retard the activities of her scientific 
workers. 

The following office-bearers were duly elected for 
the year 1949 : President — Dr J. N. Ray ; Hony. 
Secretary — Dr D. Chakravarti ; Hony. Treasurer — 
I)r J. K. Chowdhury. 


THE SIXTIETH BIRTHDAY OF SIR C. V. RAMAN 

After ten years that have elapsed since the 
publication by the Academy of the Jubilee Volume 
on the occasion of vSir C. V. Raman’s fiftieth birth- 
day, the Academy has published a Symposium on 
Crystal Physics in commemoration of his Sixtieth 
Birthday on the 7th November, 1948, The total 
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number of papers, published during rgi8 to 1948 by 
Raman and his pupils on crystal physics are 328. 
The investigations of Raman 011 optics and crystal 
physics are linked together. In the latter part of 
1921, Raman’s investigations on the diffusion of light 
in transparent media led to the discovery of the 
phenomenon of the thermal diffusion of light in 
crystals . Apart from the discovery of the Raman 
Effect, the studies on the scattering of light in gases 
and liquids carried on during 1921-27, opened up 
new pathways of research on birefringence and 
pleochroism in crystals. Raman’s discovery of 1928 
opened up a vast new field of activity in the investi- 
gations of complicated molecules in solutions and of 
crystalline state of matter. Raman Spectra of 
diamond and other numerous crystals have revealed 
interesting results of far reaching importance (see 
Science and Cui/ruRR, December, 1946, p. 267). A 
fundamental question in the theory of the solid state 
is the nature of the vibration spectrum of a crystal. 
Raman’s idea is that since we are concerned with 
the vibrations of a mechanical system, we have 
necessarily to consider its “normal modes”. These 
modes are different for the “elastic” vibrations in 
a continuum and the “atomic” vibrations in a 
discrete structure. In the former case the vibrational 
modes and frequencies are determined by the 
external boundary conditions, while in the latter 
case, the external boundary conditions are wholly 
irrelevant. From these ideas Raman derived his 
fundamental proposition on the structure of crystal 
which explains in a completely quantitative fashion 
all experimental results. In 1943 Raman formulated 
a new theory of lattice dynamics. The new theory 
leads to the most important result that the vibration 
spectrum of a crystal consists essentially of a finite 
number of discrete frequencies. 

The investigation of the physical behaviour of 
diamond has of recent years formed one of the prin- 
cipal activities of Raman’s laboratory. It is recog- 
nised that the electronic structure of diamond may 
posses* either tetrahedral or octahedral symmetry. 
There are two sub-species (positive and negative, 
respectively) of the tetrahedral type and two .sub- 
species of the octahedral type. The recognition of 
the existence of these four species of the diamond 
structure appearing separately or together in any 
actual specimen of diamond enables the varied be- 
haviours actually met with to be satisfactorily 
described and interpreted. The luminescence and 
absorption spectra of diamond and also the infra-red 
absorption spectra have been studied with great 
thoroughness with results of exceptional interest. 
The effect of temperature on the optical properties 
of diamond and other crystals, and the thermal pro- 
perties of crystals have been thoroughly studied in 
recent years. 
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The symposium consists of twenty-nifee papers 
dealing with various aspects of the subject of Crystal 
Physics. (See Proc . Jnd. Acad . Sci., 28 , Nbveuiber, 
1948). 


MEASUREMENT OF RADIOACTIVE ISOTOPES 

The U. S. National Bureau of Stai^larijs has 
issued standard samples of radioisotopes whose 
radioactivity has been accurately determined, and is 
planning to issue samples of additional radioisotopes 
as they become available. Essentially the measure- 
ment of a sample of radioisotope is the measurement 
of the number of radioactive atoms present. This 
is dependent on the rate of disintegration, that is, 
the number of nuclear particles which are emitted in 
unit time from all atoms disintegrating within this 
interval of time. Counting the total number of dis- 
integration particles is not a simple procedure. The 
principal difficulty arises from the fact that these 
particles are emitted equally in all directions. It is 
practically impossible to devise detecting equipment 
that will record all of them. Most of the difficulties 
in making quantitative determinations of radioiso- 
topes can .be eliminated if standard sources of the 
isotope are available. 

A standard source consists of a preparation of 
the isotope in a form convenient for use with the 
detector of radiation, and for which the disintegra- 
tion rate is known from previous calibration. When 
the isotope to be measured is the same as that from 
which the standard is prepared, reliable results may 
be secured. Other isotopes which have short half 
periods and a known disintegration scheme may also 
be measured with fair accuracy by means of beta- 
ray standards if it is known that a beta-ray or a 
positron is emitted for every disintegration, and if 
the maximum energies of the beta-ray spectra of the 
standard and of the specimen are not too widely 
different. 

In the case of those isotopes for which a disinte- 
gration scheme is lacking, or for which the mode of 
disintegration does not permit measurement of dis- 
integration rates, an alternative method of comparing 
the activities of sources is available if the isotope 
emits gamma rays. This method does not give dis- 
integration rates, but yield reliable comparisons of 
sources in various laboratories. It is limited to com- 
parisons of the same isotope. To secure reliable 
results, a standard instrument and standard geometry 
are necessary. The roentgen is a convenient unit of 
gamma radiation, which is defined without reference 
to the energy of the gamma ray. An ionization 
instrument properly designed to measure roentgens 
will satisfy the requirements for a standard instru- 
ment. To determine the strength of a radioactive 
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source the roentgens per unit time must be measured 
at a standard distance. Bureau scientists have pro- 
posed that tin# unit of time be one hour and the 
distance one meter, giving as a unit for comparison 
of gamma-ray sources the roentgen per hour at a 
meter (rhm). 

At thy same time the name rutherford (rd) has 
been proposed for that quantity of radioisotope 
which disintegrates at the rate of a million disinte- 
grations per second. The use of the rutherford in 
data presupposes that a disintegration rate has been 
measured and that this rate is expressed in disinte- 
grations per second. (Journal of the Franklin Insti- 
tute, November, 1948). 

INDIA TO MANUFACTURE NEWSPRINT 

A newsprint factory for producing 30,000 tons 
annually will be built in India this year, and pro- 
duction will start by the end of 1949. This will be 
India’s first newsprint factory, designed to supply 
the total internal demand. 

It will use a soft wood tree known as ‘ ‘broad- 
leaf”, also called “jetpropelled” (Bosieellia serrata) 
which grows in 5,000 square miles of forest in the 
Central Provinces. The pul]) from several different 
species will be blended to give the desired quality 
of paper. 

The finished product will be of a very fine grade 
and superior in strength and quality to what is being 
made in the factories of the West, according to a 
report made after ten months* experiments by Dr 
Campbell, Canadian newsprint technologist. . 

The Indian method was developed by P. N. Nair, 
a Government employee. Before Nair, the Tatas 
had attempted to manufacture newsprint in India by 
the same method as the Western. As the spruce and 
fir were found only on Himalayan heights and it was 
uneconomic to procure timber from there, the attempt 
failed. Later, the Indian Forest Research Institute 
at Dehra Dun tried with deciduous trees, but found 
them unsatisfactory. A sort of paper could be made 
from some of them, but it was too weak to run a 
fast-trio ving rotary machine. 

Nair resigned his job in October, 1946, to work 
whole time on his experiments, and by January, 1947, 
was able to give convincing proof that newsprint 
could be manufactured from the “broadleaf” tree. 
By using it as raw material, the cost of manufacture 
is expected to be 40 per cent lower than that in other 
countries. 

Robert A. Rankin, consulting industrial engineer 
of Montreal, and A. M. Koroleff, director of Wood- 
lands Research, Pulp and Paper Research Institute, 
Montreal, whose services have been lent by the 
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Canadian Government, are helping to set up the 
factory. 

The factory will be located three and one-half 
miles from Chandni (Khandwa Dist), a small railway 
station on the Bombay-Dellii line. At present the 
area is thick forest. The nearest village is two miles 
distant, with a population of 55. Here the first 500 
acres of laud, now being cleared, will hold a township 
of 30,000 people. 

The factory’s authorized capital is Rs. 55,000,000 
of which only Rs. 15,500,000 will be issued. The 
( fovernment of the Central Provinces has agreed to 
take ten per cent of the share capital, and to give 
the Nepa Mills (National Newsprint and Paper Mills, 
Ltd.) which owns it, all the needed facilities. 

India’s supplies at the present rate, without re- 
afforestation, will be sufficient for 120 years. The 
“broadleaf” grows 60 feet in 15 years. The agri- 
cultural plantation on the mill site is in charge of a 
young Indian woman, Rajul Shah, who graduated 
from the University of Michigan and is a specialist 
in plant breeding. She supervises the planting of 
young trees on 1,500 acres a year. These will even- 
tually be cut with a full yield every three years — a 
tree replaced for each otic felled. 

Present capacity of the Nepa Mills is too tons 
a day, but it will be increased to 300 tons within five 
years. 

Laying the foundation of the factory at Chandni 
on December 26 last Pandit R. S. Sliukla, Premier 
of C. P. and Berar, said this was the first big indus- 
trial enterprise that was being launched in the pro- 
vince with the active support of the Government in 
pursuance of its industrial policy. The demand for 
newsprint in India was large and expanding totalling 
at the moment to over 90,000 tons. He also referred 
to the concessions announced by the Government of 
India that dispelled doubts about the safety of capital 
and made an earnest appeal to investors to shed all 
fear and contribute to the industrial regeneration of 
the country. 

The present potential productive capacity of 15 
paper mills in India is estimated to be about 1 10,000 
tons per annum. In 1937-38 the total imports of 
paper and boards from abroad amounted to about 
145,000 tons. The present per capital consumption 
of papers and boards in India may be taken to 
roughly about t’ 4 lb. as compared to T50 lb. in the 
U. K., 175 lb. in Canada and over 300 lb. in the 
U. S. A. Cheap and low-grade writing and printing 
paper will therefore be required in enormous quan- 
tities, for the spread of literacy among the masses ; 
for too long has India remained indifferent to the 
spread of mass education... ,, 
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The acute famine of newsprint during the 
second world war has amply demonstrated the neces- 
sity of making the country, as soon as possible, 
independent of foreign imports of newsprint. 


PATENTS ENQUIRY COMMITTEE 

There has been a demand both from industria- 
lists and from others for a review of the laws 
relating to patents in India with a view to ensuring 
that the patent system is more conducive to national 
interests than at present. After a careful examina- 
tion of the position, the Government of India have 
set up a Committee to review the Patent Laws in 
India. 

The terms of reference to the Committee are as 
follows : 

(i) To survey and report on the working of 
the Patent System in India ; (2) to examine the 
existing \ latent legislation in India and to make 
recommendations for improving it, particularly with 
reference to the provisions concerned with the pre- 
vention of abuse of patent rights ; (3) to consider 
whether any special restrictions should be imposed 
on patents regarding food and medicine ; (4) to 
suggest steps for ensuring effective publicity to the 
patent system and to patent literature, particularly 
as regards patents obtained by Indian inventors ; (5) 
to consider the necessity and feasibility of setting 
up a National Patents Trust ; (6) to consider the 
desirability or otherwise of regulating the profession 
of patent, agents ; (7) to examine the working of the 
Patent Office and the services rendered by it to the 
public and make suitable recommendations for im- 
provement ; and (8) to report generally on any 
improvement that the Committee thinks fit to recom- 
mend for enabling the Indian Patent System to be 
more conducive to national interest, by encouraging 
invention and the commercial development and use 
of inventions. 

The Committee consists of Bakshi Sir Tek 
Chand, Retired High Court Judge and Member, Con- 
stituent Assembly of India (Chairman) ; Sir Guru- 
nath Bcwoor, Tata Industries Ltd., New Delhi ; 
Major-General S. S, Sokhey, Director, Haffkine Insti- 
tute, Bombay ; Mr S. M. Basu, Solicitor, Calcutta ; 
Mr N. Harwell, Barrister, Calcutta ; Mr S. P. Sen, 
Bengal Chemical and Pharmaceutical Works, Ltd., 
Calcutta (Members) ; and Dewan Bahadur K. Rama 
Pai ( Member-Secretary ). 

Persons who desire to be called as witnesses are 
requested to apply in writing to the Secretary of the 
Committee, of Ministry of Industry and Supply, 
Government of India, New Delhi, giving their full 
names and addresses, together with a brief merao- 
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randum of points in regard to which they desire to 
give evidence. 

“Has the Patent System, as it ot&ains in India, 
encouraged the development of new inventions for 
industrial purposes ?”, is one of the questions asked 
in a comprehensive Questionnaire prepaid by the 
Patents Enquiry Committee. The Questionnaire 
covers all important aspects of the Patent System, and 
contains more than 1000 questions grouped under con- 
venient headings, such as, “Patents and Research”, 
“Abuse of Patent Rights”, “Patents for Food and 
Medicine”, “Patent Agents”, “National Patents 
Trust”, etc. 


DR. B. N. UPPAL 

1)r B. N. has been appointed Director of 

Agriculture, Bombay Province, Poona. Dr Uppal 
graduated from the Punjab University in tqtq and 
studied Plant Pathology at the Iowa State College 
of Agriculture. He obtained his doctorate there in 
1925. While at Iowa he worked as a lecturer for one 
term and also was a fellow of the experiment station. 
He joined the agricultural department of Bombay 
province in 1020 as assistant professor of Mycology 
and acted as Plant Pathologist at the same time. He 
was appointed as Plant Pathologist from 1931 on- 
wards. Durng T033 he was deputed to England for 
study in virus diseases of plants by the Imperial 
Council of Agricultural Research. During the war 
lie was entrusted with the storage and supply of 
potatoes and was made M.B.K. by the then Govern- 
ment for his excellent work. In 1945 he succeeded 
Dr G. S. Cheema, as Principal and was appointed 
Director of Agriculture (Research and Education) in 
May 1947. He has successfully conducted a large 
number of plant pathological research schemes deal- 
ing* with virus, wilt, cereal rust, kolcroga and bac- 
terial and other diseases. He is a member of the 
American Phyto-Pathological Society and American 
Botanical Society and a Fellow of the National Insti- 
tute of Sciences of India. He has been associated 
with the University of Bombay for a number of years 
and has taken keen interest in the University affairs 
and development of technical sciences. 


INDIAN SCIENTIFIC LIAISON OFFICE 
IN LONDON 

Dr S. Bhagavantam whose appointment as Chief 
Scientific Liaison Officer in London was announced 
earlier (see Science and Culture, September, 1948, 
p. xi 3) has his office with the Scientific Liaison Office 
of the other dominions at Africa House, Kingsway, 
London, W.C. 2. 
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The functions of the office inter alia are as 
follows : 

(1) to facilitate the movement of Scientists 
within the Commonwealth, to provide ade- 
quate facilities for them and their work 
and to arrange contacts for them ; 

(2) to keep abreast of the latest improvements 
'in techniques and Scientific and tecli- 

) nical developments and make this infor- 
mation available to the country ; 

(3) to facilitate exchange of Scientific infor- 
mation and experimental material such as 
plants, animal, micio-organisms, etc. ; 

(4) to help, wherever required, in the planning 
of research or training. 

The names of scientific visitors from India to 
the United Kingdom may be intimated to Depart- 
ment of Scientific Research, Government of India, 
New Delhi, with probable dates of arrival in London, 
for communication to the I.S.L.O. in London as 
and when $uch visits take place. A short note re- 
garding the purpose of such visits to the IT. K. may 
also kindly be furnished if possible. 

ANNOUNCEMENTS 

Prof. R. H. Mortimer Wiieki.uk, Professor of 
Archaeology in the University of London, formerly 
Director-General of Archaeology in India, will serve 
as Adviser to the Government of Pakistan in setting 
up a department for the exploration and preserva- 
tion of ancient sites and in forming a Museum at 
Karachi. 

Tiik Pxccutive Committee of the Indian Science 
Congress Association for the year 1940-50 will be con- 
stituted as follows: — President —Sir K. S. Krishnan 
(Delhi) ; Prcsident-clect-Prot. P. C. Malialanobis 
(Calcutta) ; Treasurer — Rai Bahadur Dr Iv. N. Bagchi 
(Calcutta) ; General Secretaries — Dr B. Muker ji (Cal- 
cutta) and Dr 13. Sanjiva Rao (Bangalore) ; Members 
(elected by ballot) — Dr D. S. Kothari (New Delhi), 
Dr B. C. Gulm (Calcutta), Dr U. P. Basil (Calcutta), 
Dr Baini Prashad (Delhi), Dr A. K. Dey (Calcutta), 
Prof. P. Rav (Calcutta), Dr A. C. Ukil (Calcutta), 
Dr B. C. Kundu (Chinsurah), Dr B. Narayana (Patna) 
and Mr B. K. Sarkar (Calcutta). 

Prof. P. C. Maiiakanoius, F.R.S., has been 
elected Geiieral President of the Indian Science 
Congress to be held at Poona from January 2 to 7, 

1950. 

The following were elected Sectional Presidents 
and Sectional Recorders of the 13 sections of the 
Science Congress: Mathematics — Prof. N. M. Basil 
(Aligarh) and Dr B. R. Seth (New Delhi) ; 
Statistics : Dr P. V. Sukhatme (New Delhi) 
and Dr K. C. Basak (Calcutta) ; Physics — Dr 


R. N. Ghosh (Allahabad) and Dr Vikram Sarabhai 
(Ahmedabad); Chemistry - Dr J. K. Chowdhury (Cal- 
cutta) and Dr R. 1). Dcsai (Bombay) ; Geology and 
( r cograph y- “Mr J. Coates (New Delhi) and Prof. N. 
L. Sharma (Dhanbad) ; Botany — Prof. P. Maheswari 
(Pastern Pakistan) and Prof. J. F. R. De Almeida 
(Bombay) ; /oology and Entomology — Dr B. C. Basu 
(lzatnagar) and Dr B. S. Chauhan (Benares) ; Anthro- 
pology and Archaeology — Dr Christoph von Haimen- 
der (Hyderabad) and Mr Gautam Shankar Roy (Cal- 
cutta) ; Medical and ] r etcrinary Sciences — Dr M. V. 
Radhakrislma Rao (Bombay) and Dr C. R. Das Gupta 
(Calcutta) ; Agriculture — Rai Bahadur R. Seth (New 
Delhi) and Mr L. C. Sikka (Calcutta) ; Physiology— - 
Dr Kalidas Mitra (New Delhi) and Dr N. N. i)as 
(Calcutta) ; Psychology and Education Science — Prof. 
Kali Prasad (Lucknow) and Mr L. J. Bhatt (Baroda) ; 
Engineering and Metallurgy — Dr I). R. Malhotra 
(Ajmer) and Mr J. Datt (Patna)’ 

The Trustees of the Lady Tata Memorial Trust • 
are offering six scholarships of Rs. 250/- each per 
month for the year 1910-50 commencing from Tst July 
1949. Applicants must be of Indian nationality and 
graduates in Medicine or Science of a recognised 
University. The scholarships are tenable in India 
only and the holders must undertake to work whole- 
time under the direction of the head of a recognised 
research Institute or Laboratory on a subject of scien- 
tific investigation that lpust have a bearing either 
directly or indirectly on the alleviation of human 
suffering from disease. Candidates can obtain these 
instructions and other information they desire from 
the Secretary of the above Trust, Bombay House, 
Bruce Street, Fort, Bombay 1. 

The Rlliott Prize for 1949 for Scientific Research 
in chemistry w ill lie awarded to the author of the best 
paper giving the results of original research carried 
out by the candidate in Chemistry and published dur- 
ing the years 1045-48 inclusive. Preference will be 
given to researches leading to discoveries likely to 
develop the industrial resources of Bengal, Bihar or 
Orissa, 

The prizes for the next four years will be offered 
as follows : — 

(i) 1950- -Physics— papers to be submitted by 
the end of June, 1950. 

(it) T951 — Geology and Biology (including 
Pathology and Physiology) — by the end 
of June, 1951. 

(iii) 1952 — Mathematics — by the end of June, 

1952. 

(iv) 1953 — Chemistry — by the end of June, 

1953. 

At the second Annual General Meeting of the 
Phyto-Pathological Society held on January 2, 1949 
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at Allahabad, the following office-bearers of the 
Society were elected : 

President : Dr S. R. Bose ; Vice-President : 
l>r R. S. Vasudeva ; Councillors : (Northern Zone) — 
Dr R. Prasada ; (Mid-Eastern Zone) — Dr K. C. 
Mehta ; (pastern Zone) - Mr S. Y. Padmanabhan ; 
(Central Zone, general) — Dr M. J. Thirtimalacliar ; 
(Western Zone) — Dr M. K. Patel ; (Southern Zone) — 
Mr K. M. Thomas ; Secretary-Treasurer : Dr 13. B. 
Mundkur. 

Dr S. L. flora, Director, Zoological Survey of 
India and formerly Director of Fisheries, Bengal, has 
been invited to prepare a paper on Pond Cultuic of 
Warm Water Fishes for presentation to the United 
Nations’ Scientific Conference on the Conservation 
and Utilization of Resources to t3e held in the United 
States of America in May or June, 1949. It is a well 
deserved recognition of the stimulus given by Dr 
Ilora to the culture of fishes in ponds throughout 
India and we congratulate him on this distinction. 

Pkoi«\ K. 1\ Chattopadhyay, Head of the 
Department of Anthropology, Calcutta University 
has been elected Vice-President, Commission Inter- 


nationale Des Arts et Traditions Populaires Institut 
International De Recherches Ethnographiques et 
Folkloriques, Paris, and also Corresponding Member 
of the 1/Kcole Francaise d’Extreme Orient, Hanoi, 
Indo-China. 

Dr. B. S. Cuba, Director, Department of Anthro- 
pology, Government of India, and Sree vS. P. Sen, 
of the College of Engineering and Technology, 
Jadavpur have also been appointed a Conesponding 
Member of the L’Ecole Francaise d’Extreme Orient. 
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ture, Cambridge, from where he has obtained the 
Diploma in Agriculture and also worked with Prof. 
F. G. Gregory at the Imperial College of Science and 
Technology, London on “Vernalization of Excised 
Embryo”. 


BOOK REVIEWS 


Modern Workshop Technology. Part 1 — Materials 
and Processes —Edited by Professor H. Wright 
Baker, D.Sc. Demy 8vo., pp. vii + 445, with 
215 illustrations, 1948. Cleaver-Hume Press Ltd. 
28 sh. (net). 

The subject of workshop technology has been 
dealt with by many authors in the past. The present 
work differs from these in two broad respects. 
Firstly, within some 450 pages is amassed informa- 
tion on practically all the engineering materials 
capable of being fabricated in a workshop as well 
as their methods of produtcion and inodes of appli- 
cation. Secondly, the individual chapters, each 
comprising of some definite phase of material or 
process are written by authors who apart from being 
well versed in their own craftsmanship, are techno- 
logists of standing. Each chapter, thus forms by 
itself a complete and self-contained text, including 
references of books and periodicals at the end. 

The first eight chapters cover the topic on iron 
and steel, nine and ten deal with the various methods 
of welding and their applications in engineering, 


while the other six chapters from eleven to sixteen 
cover respectively the subjects of aluminium and 
magnesium ; nickel and high-nickel alloys ; copper 
and copper alloys ; diecasting ; powder metallurgy ; 
and engineering plastics. The last chapter, is a 
survey of the methods of mechanical testing and 
inspection of engineering materials. The main 
emphasis, in the whole text, is laid on the technology 
of metallic materials, plastics being the only non- 
metallic variety included in the discussion. The 
reviewer believes that the inclusion of a chapter on 
timber and carpentry and the composite metal ply- 
wood structures ; a deserption of the modern “shot- 
peening” methods of increasing the strain endurance 
of metallic components ; and a more detailed enume- 
ration of the principles underlying the non-destruc- 
tivc testing technique, like radiological and stress- 
coat analysis, would have further enhanced the value 
of the book. In spite of these ommisions, this pre- 
sent volume stands out as one of the very few 
publications on workshop technology which harmo- 
niously balance, the theoretical aspect of engineering 
with the practical background of industry. 'The 
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credit for this is due to the close co-operation of the 
authors of the various chapters with their able 
general editor, Professor Baker, who occupies the 
chair of mechanical engineering at the University 
of Manchester. The book is written with great 
clarity and lucidity and the large number of illustra- 
tions render it a useful work of reference for all 
interested r in workshop technology. 

1 4 S. K. G. 


Soil Erosion — Its Prevention and Control — Govern- 
ment of Madras, tc^S. Price Rs. 6/-. 

Soil erosion as a problem of national importance 
has only recently been recognised in India. The 
extensive nature of the damage caused by soil ero- 
sion requires a coordinated attack by agronomists, 
irrigation engineers and forest officers. The volume 
under review is in this respect an authoritative 
treatise since it is the outcome of a concerted effort 
by experts. A soil scientist of to-day will, however, 
fail to find nnicli of the relevant topics so far as the 
soil aspect of erosion is concerned. Illustrative 
chapters dealing with the control of erosion are 
expected to be very helpful to field workers. An- 
other important feature of the volume is that the 
suggested methods are either tested with Indian 
soils and under Indian conditions or are especially 
meant to be applicable to them, although in many 
cases only local problems have been cited. The 
almost faultless printing and get-up including sketches 
and photographs go to the great credit of the 
publishers. 

S . K. M. 


A Psychology of Growth --By Bert I. Beverly, M.D. 

(McOraw Hill Book Co. Inc., N. Y. and London, 

1047). Price $3 00. 

The book contains many useful information 
regarding the mental development of the child be- 
ginning from its birth up to the adolescent stages. 
Psychology has been able to teach us this much at 
least that in the course of this development a child 
has regularly to pass through critical situations 
which, unless he is helped to meet adequately, may 
be responsible for the creation of permanent injuries 
to his mental constitution. Such children will not 
be able to adjust themselves to society and their mal- 
adjustment may be expressed in various ways in 
later life, e.g. t in delinquent and other problem 
behaviours, in mental diseases, etc. 

The value of the book under review lies parti- 
cularly in illustrative cases that the author has cited 
and the practical suggestions that he has given. 
Parents with whom the primary responsibility for 


the healthy mental development of their children lies, 
will be greatly benefitted by these suggestions. The 
book will also help them to get an insight into the 
motives of their children’s behaviours and to show 
them how much they themselves are involved in 
these motives. 

The style is simple and lucid enough for every- 
body to understand. Though technical terms have 
been avoided the scientific outlook has not been 
impaired. The book can be recommended to all who 
are entrusted with the task of looking after develop- 
ing children. 

5 . C. M. 

Modern Colloids - Robert B. Dean. Published by 

D. Van Nostrand Company, Inc., New York, 

1948. Price $3*75 or 21 sh.* net. 

The book under review deals in an elementary 
manner with the modern trends in the science of 
colloids. The once neglected “turbid science” has 
already become one of the exact sciences and its 
horizon is fast expanding. Its importance is now 
being gradually felt in such diverse sciences as bio- 
logy and medicine, in the study of proteins, agri- 
culture, chemistry of high polymers, and also in a 
large number of industrial processes. Perhaps no 
other science has drawn so liberally on the tools and 
concepts of pure sciences as that of colloids for its 
development. The book in its small compass has 
focussed attention to these various aspects. 

The book, according to the author, is designed 
to serve as an introduction to the behaviour of col- 
loidal materials ; it can as well be taken as a good 
argument for teaching the science of colloids to 
undergraduate students. The implications of the 
more difficult topics, c.g., high polymers, recent 
theories of adsorption, and colloidal electrolytes will, 
however, be less convincing to them, in the way they 
have been treated in the book. 

The diagrams in the text and the questions and 
problems given at the end of the book are very 
instructive. References at the end of each chapter 
are also fortunately up-to-date, and will be enormous- 
ly helpful to advance students. 

The twelve chapters into which the book is 
divided have not been arranged perhaps in a logical 
manner. For instance, the fundamentals of electro- 
kinetic phenomena discussed in Chapter q ought to 
have been put just after Chapter 5. Chapter 2 which 
gives brief descriptions of important pieces of appa- 
ratus used in colloid chemical studies lacks the neces- 
sary practical hints for the students ; moreover, it 
could be supplemented with another chapter dealing 
with the preparation of colloids and the general 
techniques used in their investigations. 
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The book is meant to serve many purposes. 
This has necessitated tile inclusion of a large number 
of topics in a small compass. All of them have not 
therefore been treated with proportionate justice, 
but the author must be thanked for covering a wide 
range of subjects and incorporating a lot of informa- 
tion on most of the current thoughts and uses of 
colloid chemistry. 

Oversimplification, here and there, like those 
made at the beginning of page 92 regarding the defi- 
nition of ions could have better been avoided. It 
is inaccurate to suggest that the reactions shown by 
the equations on page 10 2 represent anion exchange 
processes. 

S. X. M. 


Ancient Indian Life — By Sri Jogesh Chandra Ray. 

Bp. i-viii, and 1-212. Published by P. R. Sen, 

i, Dover Lane, Calcutta 29, 1948. Price Rs. 8/-. 

The hook aims at presenting a picture of ancient 
Indian life in its various aspects, and consists of 
seven chapters which were published before in 
various journals. By reason of his long experience 
of life, his scientific habit of looking at things and 
his love and knowledge of India’s past, his equip- 
ment for undertaking such a work is unquestionable. 
Professor Ray has been long working in this field 
and the papers collected in this volume required a 
re-publication in the form of a book so that at the 
present juncture of India’s culture, just free from 
foreign domination, she might look back to her past 
to gather strength and direction for building up her 
future. 

Prof. Ray feels that ‘foreign culture imbibed 
from boyhood tends to engender (in us) a bias of 
education which belittles what is indigenous because 
it is unknown and unlearnt. Theological and philo- 
sophical doctrines of Hindus are at the same time 
so often dinned into our ears that we have almost 
begun to think that people in ancient days lived a 
life of austere asceticism, seeking temples and 
groves to worship their deities and to meditate on 
the Great One. That they had other spheres of 
activity, that they developed a state of society in 
which were represented various departments of tem- 
poral knowledge, though repeatedly shown in history, 
are often lost sight of. Such a one-sided view of 
Hindu civilization tends to distort the true perspec- 
tive and to create a morbid sentimentality which the 
rough contact with the West does not alwaj r s succeed 
in curing.’ We greatly endorse his sentiments 
expressed in these lines. 

The first chapter,' Life in Ancient India, sup- 
plied basis and introduction for the next three 


chapters, namely, Food and Drink in Ancient India, 
Sugar Industry in Ancient India and Textile Indus- 
try in Ancient India. The last three chapters which 
cover comparatively new grounds describe Fire-Arms 
in Ancient India, The Days of Hindu Calendar and 
the Fug ci lies of Hindu Marriage. 

Professor Ray’s patriotic leanings are evident in 
the chapters as we go through them, aid we may 
not accept all his interpretations, but! that is a 
question of mere detail. One cannot fail to .be 
struck by the truth of the majority of his statement 
of facts. 

Ilis interpretation for instance, of the origin of 
caste system in India on the basis of the colours 
(varnd) of the skin is no longer seriously taken into 
consideration. A similar theory in solution of this 
problem was advanced by Rislcy in 1908 and many 
others followed, but none of them are taken as final. 
A review of all the theories so far advanced 011 this 
subject, was made in a paper contributed by Pro- 
fessor Chattopadhyaya to the J.A.S.B. in 1935 . 
Could one seriously take into consideration the state- 
ment that ‘It is likely the occupations favoured the 
development of shades of red and yellow in the 
skins of Kshatriyas and Vaisyas respectively* ? 
Modern Science does not support this view. Prof. 
Ray in the pages of his book has admirably drawn a 
glorious portrait of life in Ancient India, but like 
him we would also ask, TIow is it that the Brahmans, 
who had thought out an admirable scheme of life 
and put it into practice, degenerated and brought 
upon themselves the miseries of the Kali era, the 
Iron Age, which they themselves portrayed in 
sombre colours’? (p. goo). We would expect an 
answer from him. 

When one goes through the pages of the book 
one notes with regret the omission of references to 
w orks of such pioneer Indian authors as Dr Rajendra- 
lal Mitra, Sir P. C. Ray and others. The author of 
the Met. Med of Hindus lias been given erroneously 
as Dr R. C. Dutt (p. tot fn.), it should be Dr U. C. 
Dutt. Some typographical mistakes are also there, 
such as, c henna (p. 11), tract perhaps for treatise, at 
p. 30 ; grata, p. 36 ; extent, p. 66 ; Vajnavalkya, 
p. 74 ; Sankrit, p. 90 ; rat, p. 142, etc., but they are 
of minor importance. 

In conclusion this may be said that everybody 
who is interested in knowing the question of India’s 
past, and who so often takes pride in India’s past 
achievements will be well advised to go through the 
pages of this well documented book and be furnished 
with a knowledge of the basis of their belief. 

G. P. M. 
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LETTERS TO THE EDITOR 


[The Editors are not responsible foi the v’<'t±s expressed in the letteis.] 


EL^CTROSMOSIS IN SOIL MECHANICS 

The origin of soil mechanics is obscured and lies 
buried in the oblivion. Perhaps it was Coulomb 3 
who first published in 1773 liis classical theory on 
soil mechanics most of which is now refuted. This 
was followed later by Poncelet and Rankine 2 who 
are now looked upon as pioneers in this field. Since 
1036 when the First International Congress on Soil 
Mechanics and Foundation Fngineering was in- 
augurated at Harvard University, Camb, Mass, 
U. vS. A., great advances have been made in this 
branch of applied mechanics both from the theoreti- 
cal and practical points of view, which have 
ultimately been of tremendous use in the construc- 
tion and design of dams, highways, bridges, founda- 
tions and tunnels. The role of electrokinetics in 
soil mechanics which appears to have been studied 
very recently only in a few of the Kuropean countries 
like Germany, Norway and Switzerland forms the 
most novel and modern development of this young 
science. 

The method of draining fine grained soils by 
electrokinetics first described by Casagraude in 
IQ41 has been tried out in Germany. The Swiss 
Federal Technical College, Zurich, has also under- 
taken a close investigation of this subject.' 1 To 
overcome the difficulty encountered in excavating 
fine grained soils, such as clay, loess or silt, whose 
high capillarity may render the usual methods of 
drainage ineffective, large scale experiments with an 
electro-osmotic process were carried out by the 
German State Railway Directorate (Reiehsbaha- 
direktion) at Hanover, 4 During the war the 
Germans made three main applications of the 
process, viz., ( i ) on a cutting one mile long near 
Salzgitter, (ii) 011 the U. boat pens, at Trondjlicm 
and (in) on a cutting and tunnel at Trondjlicm. * 

The general principle of activating the ground 
water by means of a direct electric, current is shown 
in fig. 1. By inserting one electrode in a well tube 
having a filter point, sinking a second electrode at 
another point and connecting them with a d.c. source, 
an electric field is produced in the soil. Simul- 
taneously a portion of the electric current flowing 
from the positive to the negative electrode passes 
through the ground water as well as the soil sub- 
merged in it. This current produces electrosmosis 
in the capillaries pf the fine-grained soil, thereby 
causing the water particles to be transported through 


the interstices and in the direction of the charged 
field. By connecting the electrode ill the well tul,)e 
with the positive polarity an amount of water 
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greatly in excess of that flowing under the influence 
of the existing hydraulic head is transported to the 
well. 

The electrokinetie phenomena is due to the 
existence of an electric potential difference between 
the interface of two contacting media, (metallic as 
well as lion-metallic). Thus at the interface of soil 
and water a potential difference is produced in the 
boundary layer which is known as electrokinetie or 
“ potential. 

A typical hydraulic-electrosinotic flow through 
capillary is shown in Fig. 2. According to Schaad 



and Haefeli 3 the velocity of fluid flow through the 
capillary is given by the Helmlioltz-Perrin-Smolu- 
chowski equation in the form i 4 = u 0 + m 1 where u u 
is an expression for laminar flow as established by 
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Poisenille and n i is the velocity of flow due to the 
action of the current of electricity. If ' d 9 is the 
capillary diam ; and 7’ its length, i) the viscosity of 
the fluid, 7 )> is the pressure difference due to static 
load hi*, specific resistance and 7>‘ the dielectric 
constant of the fluid, and ‘J’ is the current density 
in the capillary, then 


and 

£ l J 7vVj / 4 tt 7) 

Therefore combining and simplifying, 

u~ [ . (pci 2 -1 - 2‘b yPu'Dj) 

32 f 7 ] 

A similar equation can also be derived for 
laminar filter flow, VF in the form, VF = kT 1 kcK 
where k is the permeability constant, T is the 
hydraulic pressure gradient, E is the strength of 
electric field, and kc is the cleetr osmotic constant 
defined as the velocity of filter flow prevailing with 
an electric field strength of E = i volt per cm. 

The principles briefly explained above though 
simple in appearance involve mathematical and phy- 
sical conceptions for the full development of an 
exact theory, which is now being seriously taken 
up for study in the Swiss Federal Technical College, 
Zurich. The findings of that school of research in- 
vestigators will be eagerly awaited by all interested 
in soil mechanics and none the less by engineers of 
this country where this branch of soil science is 
slowly being introduced and applied ill the various 
engineering development and planning schemes. 

Bombay, 

16-3-1048. S. K. GilASWALA 

1 K. Terznght, Jnl. I. C. K., 12, 106, 1939 (45tli James 
Forrest Lecture). 

a Theoretical Soil Mechanics, John Wiley & 

Sons, 1943. 

\Schw. Hau/eilirg, <>5, Nos. 19-18, |>p. 216, 223, 235. 
(Pxhnsivc 1) bliegraphy is given). 

* L. Casagraude, Strasse, 8, No. 19/20, 324, 1941. 

* B. 1. < >. S. Final Kept. Item No. 33 Loud., IT. M. Sta- 

tionery Office. 


FURTHER NON-RAM ANUJ AN CONGRUENCE PRO- 
PERTIES OF THE PARTITION FUNCTION 

Prkvf usi.v the author 3 has demonstrated the 
existence of congruence properties of the partition 
function which are not covered by Ramanujan's 
conjecture, r/:., if 6 = $ a 7 b n c and 2^A=i(mod 5 ), 
then p(m S + A)=0(niod8) for every in. 

In fact it was shown that 

/>(49»t + i)SO(mod 49) > 
i~i9, 33, 40 and 47 < 


The only case embraced by Ramanujan’s con- 
jecture is that corresponding to i— 47. This how- 
ever lias long ceased to be a conjecture and 
Ramanujan himself was • responsible for it. 

It was also observed that similar non -Ramanujan 
congruence properties do not exist in respect of the 
moduli 25 and 121. It is pertinent ito enquire 
whether non-Ramanujan congruences ini respect of 
higher powers of 5, 7, and 11 exist or not. Such 
an enquiry has led the writer to the rather striking 
fact that such properties do exist at least in relation 
to the modulus 125. He has satisfied himself that 

p( 1 25m + /)EEO (mod 125), 
where i-y 4, 99 and 124. 

The case i — 99 only was put forward by Ramanujan 
as a conjecture. Subsequently this was established 
by Krecmar 1 and the more general Ramanujan con- 
gruence in respect of any modulus 5“ was finally 
proved by Watson 4 . 

The method employed by the present writer in 
arriving at these new results is essentially the same 
as that used in his previous note. But he is now 
not in the happy position of making a start with an 
already established identity. Thus in respect of the 
modulus 4Q the starting point was Ramanujan’s 
remarkable identity : 

P(s) + P(ii)x T P(iq)x“ l 

=■ 7/ ?l U* 7 )/ f l ( v) I- /|q.\T (a* 7 ) / f • \) , 
where /(.r)“(i-.v) (i-.r 2 ) (1 -„v ,n ) .... 

This throws into bold relief the relation 

P(ym + 5)=0(mod 7). 

In a similar study in respect of the modulus 125 it 
is only natural to look for ail analogous identity for 

P(z 4) I P(49)* + P(74)x 2 + .... 
which brings out the known relation 

£(25mT24)~0(mod 25) 

with equal prominence. But such an identity was 
not in hand and the writer has had to develop his own 
scheme of tackling such problems. The development 
is highly encouraging and a very brief indication has 
already been given by the author 2 . Incidentally it 
may be added that this scheme is equally well adapted 
to other arithmetical functions, for example, there is 
the similarly derived identity, viz., 

<r (7) + cr (i5)^+ <y (^3)^ 2 + .... 

= 8/ 6 U 2 )/ a U H )// 3 (x)/(^), 

where cr (a ) is the sum of the divisors of x. This also 
brings otit explicitly the relation, 

Wftw +7)S0taod 8)... 


where 
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All these and other allied results together with 
their proofs will be published elsewhere. 

D. B. Laiiirt 

Indian Statistical Institute, 

Presidency College, 

Calcutta, 4-10-1948. 

* Kreemarjw., Bull. Acad . Sci. MSS. 7 , 763-800, 1933. 

2 Lahiri, If. B., Paper presented to the 15th biennial con- 
, fereuce of the Indian Mathematical Society, Waltair, 
1947. 

1 Laliiri, I). B. t Prnc. Nat. Jnsi. Sci . India, 1948. 

4 Watson, G. N., Journal fur l\tath. f 179, 97-128, 1938. 


THE MAXIMUM EXCHANGE CAPACITIES OF ION 
EXCHANGE RESINS FROM THEIR TITRATION CURVES 

Tilk maximum exchange capacity that can be 
obtained by chemical treatments of synthetic resins, 
both cation and anion exchangers, has been a subject 
of some controversy. In the case of a cation ex- 
changer, c.g., a resorcinol-formaldehyde resin, a value 
as high as 1400 ni.e. per too g. lias been reported. 1 
The theoretical value of such a resin calculated from 
the formula, 

Oil 

1 

- CIL- j^— CH 2 — 



| OH 
CH S 


containing two exchange spots corresponding to the 
two OH groups, is 1560 ni.e. per 100 g. In a pre- 
vious note 2 it was reported that a fine suspension of 
a resorcinol-formaldehyde resin, obtained by collect- 
ing the suspended particles after 8 hour’s sedimenta- 
tion, gave with caustic soda a mean exchange value 
of 1 240 ni.e. (calculated 011 oven dry basis), which 
agreed closely with the theoretical value, r22o m.e. 
assuming that the exchangeable TT + ions aie 
hydrated as H3O+. A suspension of still finer parti- 
cles of this resin was sampled from a depth of 10 cm. 
after 20 hour’s settling, and was subjected to poten- 
tiometric titration with caustic .soda using the hydro- 
gen electrode. The equilibrium was attained very 
quickly. The titration curve shows a weak dibasic 
acid character and two inflexion points, evidently 
corresponding to the two OH groups of the resorcinol 
units. The total exchange capacity calculated from 
the second inflexion point of the curve is 1261 m.e. 
per 100 g. of , the oven-dry material, which agrees 
with the previously observed value. 

An anion exchange resin prepared by the con- 
densation of tn-phenylene-diamine with formaldehyde 

6 


contains two NII a groups exactly in the same posi- 
tions as the OH groups of the resorcinol-formalde- 
hyde resin. The highest value reported in the case 
of such a resin falls far short of the theoretical value, 
which, calculated on the same basis as the acid 
resins, comes to be 1234 m.e. with the hydrated 
exchange spots i.c., as NH.,.OH~, and 1587 for the 
nonhydra ted ones. The basic resin mass prepared as 
above was ground and a suspension of particles not 
settling below r 10 cm. depth after 8 hours was 
collected and purified by dialysis after treatment with 
caustic soda. The fine suspension was then electro- 
metrically titrated with standard hydrochloric acid 
solution using th* quinhydrone electrode (and not the 
hydrogen electrode since the resin had a strong 
tendency to get deposited on the platinised electrode). 
The titration curve shows in this case also two in- 
flexion points, and the resin reacted like a diacidic 
base. The exchange capacity calculated from the 
curve was 1270 m.e. per too g. of oven-dry material. 
In both the titration curves the exchange capacities 
calculated from the first inflexion points are exactly 
half of those calculated from the second inflexion 
points. The pure resorcinol and the metaphenylene- 
diamine were titrated in a similar manner with caustic 
soda and hydrochloric acid solutions respectively. 
The }>K values of the acid and basic resins calculated 
from the titration curves are found to be slightly 
greater than those of the pure resorcinol and meta- 
phenylenediamine. The details will shortly be pub- 
lished elsewhere. 

My thanks are due to Dr vS. K. Mukherjee of the 
Department of Applied Chemistry for suggestion, 
guidance and full laboratory facilities. 

S. h. Gupta 

University College of Science & Technology, 

92, Upper Circular Road, 

Calcutta, 18-10-1948. 

' Akeroyd & Broughton, J. l*Uys. Chan.. 42, 343, 1938. 

1 Ganguli, A. K & Gupta, S. L., SciKNCK \nd Cn.TUKh, 14, 
81 , 1948 . 


BASE EXCHANGE PROPERTIES OF QUARTZ 
AND SILICA GEL 

Van der Matti.en 1 stated that quartz, wollas- 
tonite, tremolite and similar minerals have no cation 
exchange properties because they do not contain 
aluminium in the lattice. Kelley and Jennv 3 found 
very little NH 4 -adsorption from NH 4 AC solution by 
quartz which has been ground for a long time. 
Mitra, 3 also Mitra and Rajagopalan 4 have attempted 
to develop a theory of base exchange properties of 
layer-lattice silicates according to which Si 0 3 should 
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possess no exchange capacity. Mitra' 1 cites Kelley 
and Jenny’s 2 experiment where they failed to detect 
any appreciable cation binding power of the “ground” 
quartz. Jackson and Truogy‘ however, found a cation 
binding capacity oi quartz to the extent of bo me. 
per 100 gnus, of the material. Van der Maulen 1 
leached finely powdered quartz and also silica jelly 
with 05N calcium acetate solution of pi 1 = 8 presum- 
ably to exchange H + -ions and found that “lime” 
adsorbed by the particles was subsequently replaceable 
by o’sN NlI 4 NO a . The NII 4 N() 3 leached material 
which was washed with 70 per cent alcohol to remove 
any adhering nitrate was found not to contain any 
NIi 4 + . Kelley and Jenny 2 in their experiments with 
finely ground talc found that much more of Mg ++ 
comes out 011 treatment with neutral NH 4 OC but only 
a trace of NM., + is adsorbed. They suggested that 
the NH 4 -ions of the NII t AC solution replace the 
Mg ++ -ions which are present on the surface of the 
broken octahedra resulting in the formation of 
NH ,-Silicate at the site of exchange. The latter is 
an unstable compound and breaks up into H-vSilicate 
and NII„ or the II “‘‘-ions of the solution replace the 
NH 4 + -ions of the Silicate, so that finally no adsorp- 
tion of NH 4 + is observed. 

From these experiments it appears clear that the 
method of Nil., adsorption is unsuitable for the deter- 
mination of the exchange capacity of systems like 
Silica. 

The following experiments were therefore per- 
formed with samples of quartz and silicagel to deter- 
mine their exchange capacities, if any. 

Silicagel prepared from sodium silicate and 
hydrochloric acid was completely freed from adsorbed 
HC 1 by continuous washing with conductivity water 
for several months. The gel was then dried for 
24 hours in an electric oven at a temperature of 
uo°C. A portion of this was ground in an agate 
mortar for 24 hours. Another portion of the gel was 
ignited in a mufTle furnace for 3 hours (temp, above 
c>oo°C), cooled and ground for 14 hours. The gel 
gave no tests for Cl, Fe or Al. 

The sample of pure quartz (Si(X) was ground in 
an agate mortar and particles<o'oo2 mm. correspond- 
ing to the clay fraction and 0*02 to o’oo2 mm. dia- 
meter corresponding to silt fraction were separated 
by sedimentation, Faclt of the fractions were leached 
N 

with HC1 and washed with conductivity water till 

free from Cl 1 ion. The clay fraction was then 
elcctrodialised and the sol. stored in jena bottle 
(colloid content 7*68 grams/ litre). The silt fraction 
was dried in an electric oven at iio°C for 8 hours 
and then cooled in a desiccator. 

Base exchange capacities (b.e.c.) were determin- 
ed by the BaAC a method of Parker.® The b.e.c. was 


also determined in the following way. A definite 
amount of the sample kept in suspension with con- 

N 

duetivity water was titrated with 0 ~ KOH Soln. 

using phenolpthalien as indicator till the pink colour 
persisted for 3 minutes. Then a volume of a Saturated 
Neutral Solution of KC 1 equal to that of the suspen- 
sion was added to it and titration continued as before. 
The sum of these two titres gives the tot^l b.e.c. of 
the samples. Similar titrations were made with 
N 

— NH4OII in the absence and the presence of Satu- 
rated NII.,C 1 solution using Wesselow’s mixed indi- 
cator. Results are given below : 




KOH 

KOII 

N 

20 

KC1 

nh 4 oh 

NH,OP 

N 

20 

NH 4 C1 

Samples 

Parker 

N 

20 

N 

20 

Ovendry 24 hours 
ground Silicagel .. 
Ignited, 14 hours 


8-2 

80-8 

Trace 

16 

ground Silicagel .. 
Clay fraction of 

22-3 

602 

45*74 

00 

... 

quart / 

Silt fraction of 

5-2 

0 5 

5-3 

0-0 


quart/ 

062 

00 

0-60 

0-0 

0-26 


Both the quartz and the silicagel are found to 
possess base exchange capacities. But the b.e.c. of 
the former is much lower than that of the latter. The 
silicagel has an open structure and therefore offers a 
larger number of exchange spots. The quartz on the 
other hand, is compact in structure and therefore 
exchange reaction is confined to the surface. Little 
or 110 exchange capacity is obtained by titration with 
NII d OIl alone. In the presence of NH 4 C 1 solution an 
appreciable exchange capacity is no doubt observed 
but the values are much less than those obtained by 
the other two methods. Neither the silicagel, nor 
the quartz in any form shows phosphate adsorption 
from phosphoric acid solution. 

My grateful thanks are due to Dr S. K. 
Mukherjee, Department of Applied Chemistry, 
Calcutta University, for his continued interest in the 
work and for giving full laboratory facilities. 

Anij, Kumar Ganguly 
University College of Science & Technology, 

92, Upper Circular Road, 

Calcutta, io-t 1-1948. 

1 Van der Maulen, Rcc. Trans. Chcm., 54, 107-110, 1935. 

* KePey and Jenny, Soil Sci 41, 367, 1936. 

8 Mitra, J. hid. Chcm. Soc. t 23, 386, 1946. 

4 Mitra and Rajagopa’an, Ind. Jour. Phys., 22, 129, 1948. 

6 Jackson and Truog, Proc. Soil Sci. Soc. Amer. t 4, 136, 1939. 
•Parker, /. Amer . Soc . Agron, 21, 1030, 1929. 
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RISE OF WATER IN SOILS 


There seems to be a general agreement that the 
rate of rise of pure water in soils kept vertically in 

h n 

tubes follows a law 1 of the nature = m ; where 


ft = height through which water rises ; f = time ; 
w. = a constant depending on the nature of the soil ; 
and n — another constant whose value varies between 
2*1 and 22. When the tube is kept horizontally, 
h 2 

n ~ 2 and the relation — w holds good, so that the 

curve between h and f follows exactly the parabolic 
law. 


Some observations of this type have been taken 
for the Indian soils by Ram Das and Mallik. 2 Cal- 
culations show that even in some of the vertical cases 
of the rise of waiter, the parabolic law is followed ; 
h 2 

i.e., the relation - — m holds good. In some cases 

n lies between 3 and 4, and in some cases the relation 
h n 

‘ “ m does not hold good at all Some of the cases 

follow the exponential law. Thus it is found that 
} t » 

the law -- t)i is not universal. In those cases where 


it holds good 11 lies between 2 and 4. I11 those cases 

where it does not hold good, an exponential law is 
followed. This seems to depend upon the pore space, 
the permeability and the nature of the soil in the 
tube. 


Thanks are due to Dr R. K. Asuudi for the 
interest in the work. 


Jagdeo Singh 
Jai Ram Singh 


that are not antagonized by />- aininobenzoic acid. 
This suggests that most probably more than one 
mechanisms are involved, only one of which has the 
sulfanilamide- />-aminobenzoic acid relationship. Com- 
plete elucidation of the metabolic functions of the 
micro-organism may lead to the synthesis of drugs 
effective against those organisms insensitive to sulfa 
drug*. With this end in view a work has been under- 
taken for the evolution of a newer type of chemo- 
therapeutic agent. 

During our investigations 1 * 2 with sulphones it 
came to our notice that some of them are not anta- 
gonized by /’-aminobenzoic acid. 3 * 4 * * This charac- 
teristic as well as their widened activity led us to the 
synthesis of some sulphones of the type (I) (c/., Buttle 
rt al b ) whose chemical properties would be described 
elsewhere ; in this note their in v.itro activity against 
certain gram-negative organisms is being recorded 
to show that they are not exhibiting sulfanilamide- 
like type of activity. 


OR' 

l_ 

R<^ ^>S(), 

' OR' 

(I) 

Where R = NH a ; NH 2 CH 2 - ; MeCONH- ; 

Me.CO.NII.CH,- ; 

and R/=- Ii, or, Me. 

The bacteriostatic activity (Table I) and the 
inhibitory action (Table II) were ascertained by 
serial dilution method and streak agar technique 
respectively. 


College of Agriculture, 
Benares Hindu University. 
Benares, 11-11-1948. 


‘ Krynine, D. F., Soil Mechanics, p. 35, 1941. 

2 Ram Das, L. A. and Mallik, A. K., Proc. Ind. Acad. Set., 
A, 16, 1, 1943. 


ON THE ACTIVITY OF CERTAIN HYDROXY 
SULPHONES AGAINST ft. TYPHOSA 

While />-aminobenzoic acid annuls the growth 
inhibiting action of the majority of sulfa drugs 
against most bacteria, this should be regarded as only 
one phase of the possible actions of these drugs 
aguinst micro-organisms as otherwise it w T ould be 
difficult to account for the activity of the compounds 


TABLE I 

Bacteriostatic Acti v ity 

Inoculum : 500 cells from IS hrs. meat infusion agar 

culture ; Temp. 37-5°; Medium: 1% peptone water; 
pn : 7 8—8 0. 


No. Organism 


(i) ft. Coll cs 

( ii ) Sal. Schott 

(Hi) ft. typhosa . . 

(iv) Shi g. dysent. (Shiga) 

(v) Shiy. p. dysent (Flex) 
(vi) V. cholerae (Inaba) ... 


Concentration of the Drug 
per o.c. 



a) 



(IT) 

R = 

=nh 7 


R-CFLNIL, 

R 

-H 


HC1 

; R' — H 

(A) 



(K) 

>0-4 but < 

:po 

>0*5 

but <1*0 

»> 0*4 

» » »i 

10 

„ 0-5 

» 1-5 

m0-04 

»» »j 

006 

„ 0*04 
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>. 0 04 

»» »» 

0*06 

0 04 

„ >i 0-06 

„ 0*03 
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0-4 

>> 0*3 

.. „0-4 
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10 

„o*i 

, ..014 



Vol. 14 , No. 8 



« 

SCIENCE AND CULTURE 


TABLE II 
In mm toky Action 

< irowlh -f 
No growth 

Organi>ms 



It may be recorded that the hydroxy sulphonc 

(A) (Table 11 ) is antagonized by p - amino benzoic 
acid m a concentration of 40 /x gin. per c.c. against 
K. coli but not against E. typhosa. This latter non- 
sulfanilamide-like type of activity is also being mani- 
fested from growth inhibitory power of its derivative 

(B) where the free amino group has been protected 
by acetylation. Similar acetylation of a non-hydroxy 
sulphonc (II) or, even the potent sulfathiazole (J) 
however, completely annuls the growth inhibitory 
power (r/., compounds 1 and K in Table II). The 
activity of the hydroxy sulplione (A) is not being- 
noticed in the compound (D) where the hydroxy 
group has been methylated. Is then a prototropic 
change being again involved in imparting this newer 
type of bacteriostatic action ? All these characteris- 
tics are also being found in another hydroxy 
sulphonc derivative (I£, Table II). From Tabic I, 
it may again be noticed that it is against h. typhosa 
as well as Shi#. dyscnl (Shiga) that these hydroxy 
sulphones, 2, 5-dihydroxy phenyl 4-amino- (A) and 
-4-aminomethyi (E) sulphones are exerting their 
maximum bacteriostatic action. Further investiga- 
tions may show whether in these compounds would 
be found a valuable remedy against E. typhosa which 
is not yet so susceptible to a sulfa therapy. 

N. K. S. Rao 
K. R. Chan dr an 
U. P. Basu 

Bengal Immunity Research Institute, 

Calcutta, 22-31-1948. 

1 Sikdnr c ml Basu, J. lnd. t hem. Soc ., 22, 343, 1946. 

* Sen Gupta and Bose, Ann. Biochcm. Exp . Med., 6, 45, 

1946. 

3 Je isen and Sdiniith, Jmmnnitats, 102, 261, 1942. 

4 Evans, Fuller and Walker, Lancet, 2, 523, 1944. 

* Nitli and Matti, Client. Abs., 37, 4089, 1942. 

6 Buttle i t at, Biochcm. 32, 1101, 1938. 


ON THE NATURE OF COMPLEX FORMATION 
BETWEEN CUPRIC ION (CUM) AND PYRO- 
PHOSPHATE RADICAL (PXX iv) 

Comm pyrophosphate dissolves in sodium pyro- 
phosphate solution giving rise to a deep blue- 
solution. KolthofF* has observed that in presence of 
excess of Na-pyrophosphate Ctr M does not liberate 
iodine from potassium iodide solution. This reaction 
has been utilised by Kapur and Verma 1 in the 
estimation of iodide in presence of cupric ion. 
Attempts have been made to deposit copper electro- 
lyticallv from sodium-copper-pyrophospliate solution. 
Although so much use of the reaction between cupric 
ion and pyrophosphate radical has been made, no- 
thing is known about the exact mechanism of the 
reaction in solution. Fleitmann and Hamburg M and 
Paid 7 isolated three compounds of the formula 
Na 4 P a O y . 3C11 JMLV 7II0O, Na,Po(>7* Cu 2 P 2 0 : iiH a O 
and s^^iPjOy.CuoPol b*32Hn() or 24II0O. Of these 
compounds, the first two are sparingly soluble where- 
as the last one is freely soluble in water. According 
to Basett and Bed well, 1 the compound 3Na 4 P 2 0 7 . 
Cu 3 P 2 0 7 .32lJ 2 0 is a complex salt containing* copper 
in the anion. They have not, however, given any 
positive evidence in its favour. Recently Mecut- 
cheson and Raymond 6 have tried to show that in 
copper ethylene-diamine pyrophosphate solution cop- 
per is present in the anion too. The arguments 
presented by them are not very convincing parti- 
cularly when no transport experiment lias been made. 

The author has studied the reaction between 
cupric ion (Cu+ 2 ) and pyrophosphate radical 
(P 2 0 7 ~ 4 ) by different physico-chemical methods such 
as transport, tliermometric, conductometric and 
y>H-measuremcnts. 

The transport apparatus used, was due to 
Clement Duval. 2 Copper was detected with Rubeanic 
acid and was found to be present in the anode-limb. 
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Thus it can be concluded that complex ion, contain- 
ing copper in the anion is present in a mixture of 
excess sodium-pyrophosphate and Cu-salt solutions. 
Thermometric titrations of sodium pyrophosphate 
with copper salt solutions indicate that two complex 
ions, of the type [Cu(P 2 0 7 )]“ 2 and LCu(P 2 0 7 ) 2 | * B 
exist in the solution. Similar titrations by conducto- 
metric method, also support the above results. In 
conductometric titrations, the break corresponding to 
normal copper pyrophosphate appears when 1*9 mols. 
of copper salt has been added to i mol. of sodium 
pyrophosphate solution. The pH of solutions con- 
taining a definite amount of sodium pyrophosphate 
solution and different quantities of Cu-salt show a 
sharp change at the point pyro : copper equal to 
2 : 1, indicating the existence of the complex ion 
of the type [Cu(P 2 0 7 ) 2 | \ The second sharp fall 
in />H of tlie mixture takes place after the point corres- 
ponding to the compound Na 4 P 2 0 7 .3Cu 2 P20 7 x H 2 (). 
The pi 1 of the mixture again falls very sharply when 
the point corresponding to the normal copper-pyro- 
phosphate is reached. Thus the above methods 
indicate without any doubt that in a mixture of 
excess of sodium pyrophosphate and Cu-salt solutions 
two complex ions of the type | Cu(P 3 0 7 ) ]~ 2 and 
[Cu(P 2 () 7 ) 2 |“° exist. 

The reaction between cupric ion (Cu" 4 " 4 ) and 
pyrophosphate in solution may be represented by 
either of the following ways. 

Cu +a + P a 0 7 “ 4 F= i LCii(l > 20 T )J-* 

| Cu (PoO T ) ] ” 2 + P 2 ( V LCu(P*|0 7 )al “ 6 ... (A) 

or Cu +a + P a 0 7 - 4 *=H Cu(P 2 O t ) J ~ 2 

Cu+ a h2P 2 0 7 ‘ 4 ^[Cu(P 2 0 7 ) 2 l” c ... ( 13 ) 

The decision between the two mechanisms can 
only be made provided the instability constants of 
the complexes present in the solution are determined. 
The instability constants of the complexes have been 
determined from optical measurements and the 
results will be published in the next communication. 

My best thanks are due to Prof. P. B. Sarkar, 
Ghose Professor of Chemistry, University of Calcutta 
for his keen interest, helpful suggestions and all 
laboratory facilities during the progress of the work. 

Barttn Chandra Haepar 
Ghose Professor’s Laboratory, 

University College of Science and Technology, 
Calcutta, 1-12-1948. 

1 Bassett and Bedwell, /. Chein . Soc., Part TI, 1412, 1936. 
* Duval Clement, Bull. Soc. Chim . France, 1020, 1938. 

9 Fleitmann, T. and Ilennberg, W., Leibig's Ann., 65, 387, 
1848. 

4 Kapur and Verina, hid. Eng. t hem. (An. Ed.), 13, 338, 

1941 

4 Kolthoff, I., Paim. Weckblad., 58, 1620, 1921. 

6 Mecutcheson, J. P. and Raymond, S., /. Am. Chcm. Soc., 
6i*. 276, 1947. 

T Pahl, A., Ofvers. K. Vet . Akad. Fork, 30, 29, 1873. 


REACTIVITY OF EXCHANGE SPOTS OF 
SILICATE MINERALS 

The acidity of a Pi-clay obtained by titration 
with an alkali is appreciably less than that obtained 
by titration with tlie same alkali in the presence of a 
high concentration of a neutral salt. Both the values 
of acidity depend moreover on the nature of the 
cation. The pH of an aqueous suspension of the 
acid-clay is lowered on the addition of a neutral salt 
and the acidity calculated from these pH values 
accounts for a fraction of the total acidity. 1 These 
observations suggest tlie existence of exchangeable 
H-ions in different states of reactivity. 

Clays arc known to possess crystalline layer lattice 
structures in which the exchange positions have also 
been envisaged. Kxehange measurements are gene- 
rally done with finely powdered samples having the 
sizes of the clay fraction of soil or even smaller. The 
crystal aggregates break on powdering mostly along 
cleavage planes but a simultaneous breaking along 
lateral planes also takes place. In the case of mica 
for instance, breaking along cleavage planes exposes 
K -ions 011 the surface whereas that along lateral planes 
develops what are termed “broken bonds** exposing 
vSi and A 1 ions. Both these processes are responsible 
for the creation of exchange spots and in different 
minerals the exposed positions behave differently in 
ion exchange reactions. According to this picture 
even quartz should possess base-exchange properties. 
This has been verified in this laboratory. 2 Thus it is 
clear that at least three types of exchange spots are 
developed on powdering mica at (?) exposed K sites, 
(ii) broken bonds from v Si ions appearing on the 
surface 011 grinding and, (iii) broken bonds from A 1 
ions on the surface. Kaolin develops only the latter 
two types of exchange spots and quartz only the 
second type. The exchange spots developed on the 
lateral planes are evidently either weakly acidic such 
as at the Si-()-H .spots or of doubtful acidity at />H*s 
nearabout 7 such as at the Al-O-II spots, whereas the 
acidity developed by replacing exposed K-ions of 
powdered mica by H-ions is strongly acidic in charac- 
ter. The acidity developed by OH ions of cleavage 
planes of kaolin is also weakly acidic in nature. 
Marshall 3 states that the base exchange cations on 
the surfaces of clay crystals fall into two classes, 
those outside the clay particles which form part of 
the electrical double layer and those present in the 
spaces between the layer units of the lattice, where 
their environment is a comparatively intense electric 
field between negatively charged layers. Their 
behaviour in exchange reactions will not in general 
be identical with that of the actions external to the 
particle. 

The differences between the reactivity of the 
exchange spots may not be apparent in the acid form 
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of the minerals, just as a mixture of weak acids will 
not give their individual inflexion points on poten- 
tiomctric titration. It was thought that exchange 
studies of the homo-ionic clay salts of the minerals 
by different cations may reveal the existence of dif- 
ferent levels of affinity of the exchanged cations with 
the clay particles. Earlier exchange isotherms were 
generally obtained using sufficiently high concentra- 
tions of tlie electrolytes at wide ranges of addition 
and possibly missed any characteristic fine features. 
Experiments were therefore performed starting from 
very small concentrations of tlie added electrolytes 
and increasing by small amounts up to 4 times the 
sy nmietry eonccntrat ion . 

A colloidal mica suspension was prepared by the 
wet grinding of a pure sample of it ; moutinorillonite 
from a sample of Kashmir bentonite ; kaolinite from 
a sample of kaolin free from moutinorillonite as indi- 
cated by the benzidine test. 4 The clay fractions from 
each were separated by the usual procedure, then con- 
verted into the acid forms and finally into colloidal 
salts by addition of the requisite amounts of metal 
hydroxides. r> The exchange of cations from the clay 
salts was studied by adding the electrolytes at dif- 
ferent concentrations, allowing not less than to days 
to attain equilibrium, and then separating the equili- 
brium solution by ultrafiltration or by centrifugation. 
The clear equilibrium liquid was then analysed for 
either of the interacting cations and in some cases 
both. In view of the small amounts of actions 
involved in the low concentration regions great pre- 
caution was taken to ensure accuracy in analytical 
estimations. The following curves (Fig. 1) were 
obtained then by plotting the percentage of cations 
exchanged against the concentrations of the added 
electrolytes, which were conveniently expressed in 
terms of symmetry concentrations. Similar curves 
were obtained in a large number of such exchange 
reactions. 



tyrant ry Concentration 

FIG. I 


The curves show small but well defined inflexions, 
the existence of which was verified by repeated experi- 


ments. The kaolinite .shows one inflexion point 
whereas the mica and bentonite systems show two 
such inflexions. These may be taken to indicate that 
exchange is taking place predominantly from two or 
three types of surfaces or from two or three types of 
exchange spots on the same surface. Details will be 
published elsewhere. 

My grateful thanks are due to Dr S. K. 
Mukherjee, Department of Applied whemistry, 
Calcutta University, for his continued interest in the 
work and for giving full laboratory facilities. 

A. K. Ganguly 

University College of Science & Technology, 

Q2, Upper Circular Road, 

Calcutta, 13-12-1948. 

1 Mitra, Mukherjee and Bagel ii, hul. Jour. Agrii . Sci J0, 
111, pp. 303, 316; Mukherjee, Mitra, Chatterjee and 
Mukherjee, Jmi. Jam. A^tU. Sci., 12, 86. 

a Ganguly, A. K., SciivNCK and Cui/Tcri-,, 14, 337, 1049. 

3 Marshall, C. /. S. C. T., 54, 393-308. 

4 Hendrick. s and Alexander, year. Aw. Soc. Agroit., 36, 

455-458. 

fi Mukherjee, S. K., Bulletin No. 4, Ind. Sex*. Soil Sci., 
188-195, 1942. 


ON THE CONCEPT OF ENTROPY 

Tim concept of Entropy is fundamental in 
Thermodynamics. It is a consequence of the Second 
Law that any change in the thermal conditions of 
a system results in increase of Entropy, which, 
therefore, tends to a maximum. The universe is 
tending to a dead level of energy and all flow of 
energy will ultimately cease. But it does not seem 
to have been fully realised that this is in direct 
contradiction to the concept of infinite time in the 
past. It may be observed that the implication of 
infinite time is quite distinct from that of a long but 
finite spell of time such as one billion years. 

The new classical theory put forward by the 
writer 1 offers an escape from this inherent contra- 
diction. It envisages matter as composed entirely 
of electromagnetic waves coiled on a sphere. 

It is suggested that temperature is a property of 
matter in bulk and not of linear electromagnetic 
waves. This is also supported by Maxwell’s famous 
paradox of the demon, which can circumvent the 
Second Daw by separating the fast moving gas mole- 
cules from the slower. So if we postulate the primor- 
dial matter as existing in the form of electromagnetic 
waves, the question of temperature does not arise. 
Also time would be at standstill in accordance with 
the Relativity Theory. Creation began when the 
first particle was formed out of electromagnetic waves 
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and time began to flow. It seems that there might 
be a substratum of truth in the picture of creation 
unfolded in the Book Genesis. 

This does seem rather fantastic, but I trust, not 
more so than the expanding universe. But if the 
Relativity Theory be taken seriously and not only 
as a manner of speaking, there is no improbability. 
The “ghost” stars of Relativity cosmogeny will then 
be investcjl with “bodies”. New worlds are thus 
being created while old worlds are being annihilated. 
Cosmic rays may be regarded as stray particles of 
the universe which have not got themselves in the 
tangles of large masses of matter. 

B. M. Sen 

12, Ballygunge Circular Road, Calcutta, 

20-12-1048. 

1 Sen, Ji. M. f bight and Matter, Longmans, Green & Co., 
1948 . 


A NEW COLORIMETRIC REAGENT 

T me symmetrical diallyl derivative of dithiocarb- 
amidohydrazine, C,H,NII.CvS.NH.NH.CvS.NH.C 3 H,, 
prepared easily by the interaction of hydrazine with 
ally] mustard oil, is a shining flaky, colourless and 
stable compound sparingly soluble in water, more 
soluble in organic solvents like chloroform and 


acetone. The compound gives rise to deeply coloured 
complexes with palladous, cobaltous and bismuth 
salts which are highly soluble in chloroform and are 
therefore quantitatively extracted by the solvent 
from large volumes of aqueous solutions. 

The bismuth complex, a deep orange red com- 
pound having the composition BigR* where RH 2 
represents a molecule of the reagent, has been studied 
in some detail. The optimum range of extraction 
with chloroform lies between fill 2*4 — 2‘ 7 and -is 
independent of the amount of reagent present in 
excess. The variation of the orange colour with 
the concentration of bismuth follows Beers’ law and 
has been verified by the Duboscq and Lnmetron 
photo-electric colorimeters. A minimum of o' 2 mg. 
of the element in the form of the complex in 20 c.c. 
of chloroform can be easily estimated visually. 

A clean separation of bismuth from t,ooo times 
its weight of copper present in a mixture has been 
effected by extracting with chloroform a solution 
containing citrate and cyanide at a fill around b. 

Details of the work will be published shortly 
in the Journal of the Indian Chemical Society. 

K. P. Sen Sarma 
J. Gupta 

National Chemical Laboratory, 

University Buildings, Delhi, 
and 

University College of Science and Technology, 
Calcutta, 1 0-1-1949. 
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Ag ricultural Sciences 

Soil-Borne Plant D iseases and Th eir Control 

R. S. VASUDEVA 


ECONOMIC stability and prosperity of our newly 
constituted motherland is closely linked up with 
scientific growth and development of agriculture, and 
we in this connection have to play an important role 
in the work connected with it. In India yields of 
crops arc lower than on other countries even in nor- 
mal times and are further depressed by diseases, 
bosses on this account have been estimated in the 
neighbourhood of to per cent which can be averted 
by application of suitable control measures. A con- 
siderable portion of such heavy losses is due to the 
soil borne pathogens and, in order to prevent these 
losses it is essential to obtain full knowledge about 
the life-history of the pathogens and their behaviour 
under controlled conditions, so that they may be 
attacked at weakest links in their life cycles. The 
activity of a soil-borne pathogen forms only a part 
of the highly complex associations of living or- 
ganisms, most of which are non-path ogenic and exert 
a profound influence on the parasitic activity of 
pathogenic organisms. The conditions under which 
different soil-borne pathogens flourish are fairly wide, 
and soil aeration, temperature, moisture, reaction and 
available food material in the soil affect the activities 
of the organisms differently. 


Among the control measures devised to prevent 
losses caused by soil-borne pathogens there is no 
doubt that the most perfect method is the production 
of resistant varieties. Rotation of crops, and steriliza- 
tion of soil by heat and chemicals are neither always 
satisfactory nor practicable. Biological control offers 
a good means of controlling such diseases. Straving 
out pathogen or eliminating it altogether by enhanc- 
ing the antagonistic activities of the noil-pathogenic 
micro-organisms has been found to be possible by 
modification of cultural practices or addition of cer- 
tain manures. Field sanitation is another control 
measure which is often neglected to the detriment of 
the cultivator. Amendment of soil conditions such 
as temperature, soil moisture and reaction with a 
view to create unfavourable conditions for the patho- 
gens have been tried with considerable success. 

The subject of soil pathology has gained 
importance during recent years and it having 
attracted attention of pathologists offers hopeful signs 
of solving the diverse pathological problem. For a 
proper study of these problems team work of patho- 
logists, soil-chemists, crop physiologists, geneticists 
and agronomists is what is imperatively needed to 
combat such maladies. 


Archaeology and Anthropology 

Suggestions for Improvement in Methods of Dating 


TNDIAN temples has been studied in the past by 
great workers like Ram Raz, Cunningham, 
Fergusson, Monomohan Ganguli, Havcll and others. 
Some of this work was systematic, some interpreta- 
tive, and some historical. Shri Bose has suggested 
some means for bringing in more precision into the 
usual methods employed for dating. He has applied 
a current method of Cultural Anthropology in order 
to supplement the methods' already in use in the field 
of architectural history. 

Shri Bose has described a method of structural 

analysis based on the canonical literature of Orissa. 


BOSE 

By this means, the temples of North India can be 
subjected to a uniform process of analysis. The 
temples of different provinces of India have been 
described on the basis of this method of analysis. 
The Himalayan Region, Central India, Southern 
Deccan, the United Provinces and Orissa have been 
dealt with. The distribution of certain structural 
elements have been noted in different portions of 
India. On the basis of this regional analysis, and by 
comparing the areas of distribution, a relative time- 
scale for architectural elements has been provisionally 
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built up. The picture of evolution of temples which 
thus emerges is substantially different from the 
results so far obtained by reliance upon other means 
hitherto employed. 

Shri Bose then suggests that, in each province 


of India, the dated temples should now be taken up 
and treated by the same method of analysis. Scales 
of evolution will thus be available in each separate 
province by means of which the findings of the Distri- 
bution Method itself can be subjected to verification. 


Chemistry 

Colloids in Biology and Medicine 
P. B. GANGULY 


^OLLOIDS represent substances at a certain stage 

of minute sub-division and are generally com- 
posed of electrically charged particles, which are 
constantly moving and are possessed of scientific pro- 
perties. The characteristic properties of colloidal 
systems are manifested in numerous life phenomenon . 
The applications of colloids to medicine and the 
utilisation of colloid-chemical principle for the proper 
understanding of many biological processes have been 
dealt with in the address. 

The investigations into the scientific basis for 
life has been a fascinating problem. About 3 5 chemi- 
cal substances have been found in living matter. 
The most important constituent is proteins which 
according to the famous medical chemist Pauli 
possess those properties which in their totality re- 
present life. The material basis of life is the proto- 
plasm, which is a colloidal system par excellence and 
obeys all the laws of colloids. Life is no longer 
ascribed to the presence of any particular vital con- 
stituent but the living organism works in the simul- 
taneous presence of all its constituents in harmony 
with its environments in accordance with known 
physical and chemical principles. 

Mineral inorganic substances were obtained as 
discontinuous periodic precipitates by Liesegang. 
These experiments which were at first a laboratory 
curiosity were soon found to be remarkably akin to 
many natural formations. Banded agate and various 
geological formations, shells of animals, bones, malig- 
nant growth like gallstones and other concretions in 
the animal body are stratified and are formed by the 
same colloid chemical methods which apply to Liese- 
gang formations. An interesting example is the 
formation of pearls in oysters. The production of 
the pearl which consists of fine and regular striations 
is an accident ; more an effect of disease in the 
oyster rather than any normal growth. When grain 
of sand or other foreign* matter enters the shell of 


the oyster, it causes irritation, as a result of which 
the oyster secretes a nacreous fluid which entraps 
calcium from sea water and deposits layer after layer 
round the foreign body until a full grown pearl 
develops. By a colloidal process, the author suc- 
ceeded in obtaining iridescent structures which 
exhibited the colour of the mother-of-pearl. 

Radiations have a great influence on colloidal 
solutions. The behaviour of colloids towards light is 
linked with several branches of actino-therapy, 
chiefly in relations to deficiency and metabolic 
diseases. Calcium salts are with difficulty assimilated 
in the body when directly administered, but their 
assimilation is greatly accelerated in the presence of 
certain vitamins which are synthesised by the action 
of light. A photo-chemical basis is also noticeable 
in the colloidal properties of proteins on exposure to 
light. 

Adsorption represents a process by which mole- 
cules get fixed on suitable surfaces. Adsorption 
plays a conspicuous part in many biological processes. 
The mechanism of reactions on cell surfaces is similar 
to oxidation in vitro of organic substances on char- 
coal in presence of catalysts. For digestion and 
many other processes in the animal body, the bio- 
colloids known as enzymes come into play. 

Enzymes show all the properties of colloids and 
their action depend greatly on adsorption. The re- 
action molecules get fixed on active surface and 
acquire „a specified molecular architecture which is 
conducive to increased reaction. In almost every 
sphere of biological activity, we find that predomi- 
nant colloidal characteristics, like electrical charge on 
particles movement in an electric field, acidity of the 
medium, state of sub-division and membrane per- 
meability, play a fundamental role. Life is a con- 
tinuance of the colloidal state and coagulation means 
death. 
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Engineering and Metallurgy 

Engineers Role in Solving Socio-Economic Problems 

M. SEN GUPTA 


T HK , address surveys in general, the requisite 

qualities of an engineer and his rule in socio- 
economic problem confronting the country. The 
present economic condition of our country with 
examples from the Bombay plan, where a statement 
has been made about the capital requirement neces- 
sary for doubling the income per capita per annum 
of our population have been dealt with. As it is not 
possible to draw this capital from within the country 
without taking foreign loans which has got certain 
objectionable features, attention has been drawn to 
the potential qualities of personnel which can to a 
great extent compensate for the deficiency in capital 
outlay. 

Continuing Prof. Sen Gupta emphasized the 
need for protection against avoidable errors and the 
urgency for thoroughness and extreme caution in 
planning out details of a scheme. He cites a few 
examples in this connection and describes certain 
features of T.V.A. and D.V.C. scheme. He then 
states the necessity of coordinated planning by the 
government, industrialists, engineers and economists 
and also points out that the technical education in 
our country should be remodelled. Due to the 
absence of industrial background in our country, we 
cannot possibly produce technical personnel under 
different cadres required for industrial development 
and expansion merely by introducing certain modi- 


fication at a university or college stage. The entire 
scheme should be reviewed and revised starting from 
the primary school stage. Without givLg details, 
(which may be varied to a certain extent to suit local 
conditions) Prof. Sen Gupta explains briefly the 
general ideas on which the education should be based 
and further draws up a skeleton scheme for technical 
education keeping in view the natural deficiencies 
that exist in our country. The scheme has been 
drawn for supply of the technical personnel for the 
future industrial development of the country. In 
this connection the writer emphatically points out 
the obligations of industrialists and factory owners 
in matters of training technical personnel in their 
different trades. 

Since the technical education has two distinct 
points, viz., (t) theoretical training in educational 
institutions and (2) to activise this theoretical know- 
ledge from practical training in factories, therefore 
in any scheme of technical education which does not 
include these two main features is bound to be fruit- 
less and xion-productive. It is, therefore imperative 
that the factory owners and industrialists should con- 
sider it obligatory on their part to afford necessary 
facilities for practical training which .should be 
planned on a standard basis. In doing so they will 
be merely discharging their duties to the community 
from which they are earning their bread. 


Medical and Veterinary Sciences 

Some Aspects of Tuberculosis in India and Measures for its Control 

M. B. SOPARKAR 


T\R SOPARKAR divides his address broadly into 
two parts. The first part deals with those 
aspects of tuberculosis as it affects animals parti- 
cularly cattle. Unlike certain other diseases which 
are only experimentally transmissible, tuberculosis 
occurs as a natural infection principally in certain 
animals and birds. The general impression for a 
long time has been that tuberculosis among cattle is 
rare in India. Dr Soparkar’s investigations made 
nearly twenty years ago have shown that the disease 
is very prevalent among cattle including cows, 
buffaloes and bullocks, in some parts of India, the 
incidence being equal or in some cases even greater 


than what is found in European countries where the 
disease is known to be prevalent. Subsequent re- 
searches by other workers have fully corroborated 
these findings. The general belief that buffaloes are 
more resistant than cows to infection has been found 
to be erroneous. Several other animals of different 
species, e.g., the Llama, spotted deer, Nilgai, Sambar, 
Antelope and others were found to be suffering from 
natural tuberculosis. Dr Soparkar’s experiments 
have shown that a proportion of India’s calves are 
resistant to artificial infection with virulent tubercle 
bacilli in doses which invariably prove fatal to 
English calves. Contrary to the experimental evi- 
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dence adduced by Sheather, Dr Soparkar has shown 
that the tubercle bacilli infecting cattle in India are 
as fully virulent bovine type of bacilli as those 
infecting cattle in Europe. Contrary to European 
and American experience he has shown Indian cattle 
to be infected under natural conditions with human 
tubercle bacilli. He has also found them affected in 
nature with avian tubercle bacilli. Swine in India 
also suffej from tuberculosis the infecting bacillus 
being pre-eminently human whereas in America it is 
pre-eminently avian type. Horses, camels and 
elephants have also been found to be suffering from 
tuberculosis. 

In dealing with the surgical form of tuberculosis 
in children the address gives details of investigations 
made ‘by Dr Soparkar and of the discovery of the 
bovine origin on the disease in two cases and avian 
bacillus infection in one case which has not been 
noticed elsewhere in India. The address points to 
the desirability of close co-operation between medical 
and veterinary professions particularly in regard to 
research in tuberculosis. The nature of the allergic 
reaction is also dealt with in this address so also is 
the filterable form of tubercle bacillus. 

In the second part which deals with the tuber- 
culosis problem as it affects man in India details of 


the incidence of the disease in the country' are given. 
The ratio of tuberculosis deaths to cases is believed 
to be i to 5 which gives us the figure of 25 lacs of 
open cases in India at any given time. The 
desirability of providing hospitals and sanatoria treat- 
ment for these cases and necessity of rendering the 
soil for the seed barren by appropriate preventive 
measures are dealt with. The launching of mass 
vaccination with B.C.G. is pointed out as an appro- 
priate preventive measure. Systematic work in 
Scandinavian countries has conclusively shown the 
value of B.C.G. vaccination. Other countries have 
also taken up the subject seriously. The experience 
of over 10 million vaccinations with B.C.G. up to 
1945 in different parts of the world has demonstrated 
the safety of the measure and the protection it gives. 
The Ministry of Health, Government of India have 
come to the conclusion that mass vaccination with 
B.C.G. will be a cheap and effective method of re- 
ducing the incidence of tuberculosis assuming epi- 
demic proportions. The B.C.G. vaccine is now being 
manufactured at King Institute, Guindy, Madras, 
and schemes are being formulated for the first intro- 
duction of B.C.G. in some large centres in India. 
Stress is also laid on the need for further research 
relating to the improvement of the vaccine and the 
method of administering it. 


Physics 

Raman Spectra of Crystals and their Interpretation 

R. S. KRISHNAN 


A RE the vibrations in crystals which manifest 
themselves in the Raman spectrum “waves”, 
extending through the volume of the crystal or are 
they the vibrations of the atoms in the individual 
cells of the lattice? Is the complete vibration spec- 
trum of the crystal in the infra-red region a con- 
tinuous diffuse spectrum or is it a discrete spectrum 
exhibiting a finite set of monochromatic frequencies ? 
These are the specific issues which Dr Krishuan has 
sought to settle by experimental investigations 
stretching over the past 5 years on the Raman 
spectra of crystals. He has described the modified 
ultra-violet technique of using the 2536 resonance 
radiation for exciting Raman spectra and the results 
obtained from a .study of a large number of crystals 


like Diamond, Rock-salt, Alkali halides, Alumina, 
Topaz, etc. The spectoroscopic facts unearthed have 
furnished a decisive answer to the above problems, 
viz., that while the spectrum of the clastic vibra- 
tions is necessarily a continuous one, the atomic 
vibration spectrum in the upper ranges of frequency 
is manifested in the upper ranges of frequency in the 
second order Raman effect as numerous closely 
spaced discrete and sharp lines, i.e., we are con- 
cerned with the vibrations of the atoms in the 
individual cells of the crystal lattice. These experi- 
mental facts fully justify the conclusions regarding 
the nature of the vibration spectra of crystals to 
which the new theory of the dynamics of crystal 
lattices put forward by Sir C. V. Raman leads. 



Statistics 

Mathematical Procedure in Statistical Theory 

U. S. NAIR 


T r e instinct to utilise past experience to formu- 
late rules of conduct for the present and future 
is characteristic of human beings. Statistical method 
is one approach to a systematic study of experience 
and inductive inference. To give this technique a 
logical basis, it is axiomatically assumed that the 
totality of experience — past, present and future — 
constitutes an infinite set to which is associated a 
Mathematical Point Function called probability 
density. A sample is a sub-set of the population and 
statistical analysis is directed towards the study of 
the density function from the known sample. 

The axiomatic definition of the density function 


brings out the interesting result contained in the 
Law of large Numbers and the Central Limit 
Theorem which relate to the behaviour of properties 
of the sample as it becomes unlimitedly g^;cat. The 
constancy attained by the sample characteristic that 
results from the axiomatic assumption regarding 
density function is equivalent to the human instinct 
of inductive reasoning. 

The limiting laws referred to above lead to the 
Method of Least Squares as an important tool to the 
statistician. The development of this technique in 
various types of situations is considerably facilitated 
by the Algebra of Matrices and Linear Vector Spaces. 


Zoology and Entomology 

Modern Trends in Systemaiics 

M. L. ROONWAL 


SYSTEMATICS is that ground-discipline of 
^ Biology which concerns itself firstly, with the 
orderly arrangement of the living world into a con- 
venient and, as far as possible, natural system of 
hierarchical categories such as orders, families, 
genera, and so forth ; secondly, with the distinguish- 
ing of one form or species from another, in the 
gamut of millions of species, both living and extinct ; 
and thirdly, with the elucidation of the mechanisms 
by which these distinctions arise in nature. Sys- 
tematics is sometimes also called ‘Taxonomy’, a term 
which merely means the disposition of things in a 
rational and lawful manner. 


It was recognized early in the history of science 
that the lowest easily recognizable systematic unit 
is the species. And the problem that framed itself 
in the minds of scientists was how to name these 
millions of living species so as to avoid confusion 
when mentioning one or the other. This knotty 
problem was solved in the middle of the 18th century 
through the genius of the Swedish botanist, Linnaeus, 
who invented the ‘binominal system of nomenclature*. 
By international agreement, the following procedure 
finds universal acceptance : ( i ) Within the same 

genus, one specific name can be employed for one 
species only, the name proposed earliest being the 
one accepted (rule of priority), so that one specific 
name can refer to one species and one only, (it) The 
loth edition of Linnaeus’s Systema Naturae published 


in 1 758, is taken as the starting point for names of 
animals, (in) The specific and generic names arc 
latinised, and are written in the Roman script. 

Later, w’hen it was found that ‘species’ are not 
fixed but evolving, and that it is possible to recog- 
nize systematic units lower than the species, syste- 
matic^ was gradually transformed from a static into 
dynamic discipline. The present address deals prin- 
cipally with the modem dynamic trends of develop- 
ment during the last 30 or 40 years. The chief 
achievements of this period consist briefly of the 
following : Firstly, a large number of intraspecific 
systematic categories have been recognized, such as 
subspecies, races, forms, varieties, pure-lines, and so 
forth. vSecondly, it is now clear that species are 
generally made up of a number of these lower groups 
or complex (form-groups, etc.). Thirdly, modern 
systematics now plays a most significant role in the 
.study of the mechanisms of ‘speciation’, by which 
term we mean those phenomena which are involved 
in the origin of new species and subspecies. Among 
the most important of these mechanisms is the recent- 
ly found statistical effect of population size on the 
intensity of speciation. Thus, it has been shown 
that new species will arise most rapidly in a popula- 
tion which is of intermediate size and is divided into 
a number of smaller, partially isolated population- 
groups. Lastly, the great practical importance of 
Systematics is discussed, and some suggestions are 
made for the future development of that discipline. 
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TELEVISION 


C'LSE WHERE in this issue wc publish an article on 
^ Post- War Television . Of the many remarkable 
devices produced during the last few decades by the art 
of electronic control or “Electronics”, few can equal the 
universal interest aroused by television. Man now 
possesses the pow r er of looking round the corner — power 
attributed to mythological gods alone in ancient time. 
To the success of this seemingly impossible feat many 
scientists, inventors and engineers have contributed. 
But it should be put on record that the first practical 
solution of the problem— however crude a solution it 
might have been — was due to the zeal and untiring per- 
severance of Baird. The labours of Baird also showed tho 
direction in which radical improvement was necessary 
to make television a practical proposition. This radical 
change was introduced by Zworykin when he substituted 
the mechanical method of scanning by electronic 
scanning in his iconoscope 4 or the “electronic eye” 
(19 IMS). Improvements quickly followed which made 
the commercialisation of television service possiblo liko 
broad easting service. And, e ven before the outbreak 
of World War II one saw television service establi- 
shed in England, U.S.A., France, O.S.S.R., Italy, 
Germany and Japan. The war naturally checked the 
progress. But on the other hand, the war researches 
provided many new ultra-high frequency techniques 
immediately utilizable in television. Television service 
thus received an unprecedented impetus. Further, 
as described by our contributor, applications of tele- 
vision technique have resulted in the invention of new 
ultra-rapid systems of tele- communication, new defence 
apparatus and new safety devices for aerial navigation. 
It is therefore no wonder that the victorious countries 
are rapidly developing commercial television service 
and their expanding radio industries are spending 
lavishly on researches on new applications of television 
technique. 

It is strange that these phenomenal developments 
in the western countries are not generally known in 
India outsidfe a very limited circle. Even amongst 
people who ought to know better, tho prevalent idea 


is that television is still in an experimental stage, that 
its service is uncertain and unsatisfactory and that, 
at best, it is far behind broadcasting in its usefulness 
and technical perfection. There has thus been no 
comments either in the press or from the platform to 
impress upon the Government the necessity of taking 
steps for encouraging television research and for intro- 
ducing television service in this country — at loast 
as an experimental measure, as had been done by the 
B.B.C. as early as 1936. 

Let us review the many uses of television besides 
the most popular one, namely, entertainment and dis- 
semination of “live” news. Television has immense 
possibilities as a means of spreading knowledge and 
stimulating thirst for the same in the young and the 
old. Indeed, a more versatile and interesting system of 
instruction, in which the voice and the figure of the 
expert lecturer, in perfect musion with the actual de- 
monstrations, are conveyed over hundreds of miles, 
can hardly be imagined. In the hand of a Government, 
particularly of a large country like ours, television will 
ho a powerful means — more powerful than simple 
sound-broadcasting — of keeping people closer together, 
in times of stress. A popular leader’s speech of appeal 
to the country will undoubtedly have a greater and 
more immediate effect if the audience not only hears 
the leader’s convincing voice but also at the same time 
sees him delivering the speech with his chracteristic 
pose and gestures of emphasis. 

A properly planned network of television service 
would enable the Government in times of emergency to 
arrive at quicker decisions on administrative and political 
matters through inter-city television conferences. To 
the business people it would provide an exceptionally 
effective means of commercial advertisement. 

Television Service eor India 

We have therefore no hesitation in urging upon 
the Central Government to take immediate steps for 
introducing television in this country by instituting- 
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enquiry and sponsoring research for determining the 
best and the most suitable “system** to be adopted 
for India. As explained in the article, each television 
service works on its own system. A receiver designed 
and constructed for one system cannot be switched 
over to another system like a broadcast receiver being 
switched over from one wave band to another. (A 
“system” comprises the number of lines per picture, 
the number of repetitions of pictures per second, the 
scanning method etc.) A system once adopted cannot 
thus be changed without great financial loss. For 
example, England having once adopted the definition 
of 405 lines per picture, is now finding it extremely 
difficult to change over to higher definition with increas- 
ed number of lines, though such higher definition can 
easily be handled by the newly developed ‘pick-up’ 
tubes. A Committee of enquiry representing the various 
interests may therefore -be appointed to make a thorough 
investigation on the various systems in use in the dif- 
ferent countries, to compare their respective merits and 
the costs of the receivers, and to report on the same. 
This, in fact, was done in Great Britain by the Selsdon 
Committee (consisting of representatives of the B.B.C., 
the Posts & Telegraphs, the Department of Scientific 
& Industrial Research and other bodies) before the 
television service was introduced in that country in 
1936. Similarly, in the U.S.A. the National Television 
Standards Committee (N.T.S.C.) was set up to decide 
upon the system to be adopted for the country. The 
N.T.S.C. in its turn appointed a number of panels 
__ to investigate into the various aspects of the problem. 
” On the result of these investigations a report was sub- 
mitted to the Federal Communications Commission 
and this was finally accepted as the standard for the 
U.S.A. telecasting. 

Besides appointing the Committee the Government 
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should also sponsor, through the Council for Scientific 
and Industrial Research, exploratory research work on 
the design and construction of television transmitter 
and receiver and on the various technical data of the 
system that may be adopted. It may be mentioned 
here that both iri England and in America large amount 
of experimental work was done before the problem of 
standardisation was finally solved. There is also another 
very strong reason why researches on television technique 
should be instituted in this country. Television tech- 
niques are being increasingly employed in designing 
new communication and defence apparatus. And, it is 
highly undesirable that India should always be 
dependent on foreign countries for such new technical 
advancements. 

We therefore urge that on the report of the enquiry 
committee and on the results of investigations as sugges- 
ted above, the Central Government should take steps 
for starting television service in this country. A 
beginning can be made by installing television trans- 
mitters in, say three of the big cities like Delhi, Bombay 
and Calcutta. Such service will, of course, not be a 
paying proposition in the beginning. But such was 
also the case with radio broadcasting in the Twenties. 
The cost of the receiver will certainly be an impor- 
tant factor in popularising the service. Jt is possible, 
however, to keep the cost within reasonable limits 
by suitable design. It is to be noted in this connection 
that building of television components ('an without 
difficulty be made part of the production programme 
of the radar and radio industry which is going to be 
started under the auspices of the Government of India; 
and it may be possible, by suitable designing, to manu- 
facture television receivers locally at reasonable cost 
so that it may be within the reach of the prospective 
televiewer. 


RADIO RESEARCH AND NATIONAL SECURITY 

"Today, with the world praying for peace, we find ourselves in completely new areas of thought 
and action. We must keep these ohanged conditions constantly in mind as we plan for the future. It 
is of extreme importance, as we apply the new developments of radio and electronics to peacetime pur- 
suits, that we do not lose sight of the continued relationship of science and industry to our national 
security. Radio research and invention, and every new instrument should be constantly evaluated to 
determine their application to the strength and security of our country as well as to its commercial 
progress.” 

— David Sarnoff, President of the S.C.A. 
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POST-WAR TELEVISION* 

MRINAL KUMAR DAS GOTTA 

WIRELESS LABORATORY, UNIVERSITY COLLEGE OF SCIENCE AND TECHNOLOGY, CALCUTTA* 


TELEVISION or the art by which one can see at a 
distance even when the direct line of vision is obs- 
tructed/, made remarkable progress during the closing 
years of the last decade. Regular television service 
was inaugurated in Great Britain, in the U.S.A., 
France, Germany, IJ.S.S.R. and Japan. Unfortunately 
the outbreak of World War II diverted the scientific 
resources, both in men and material, to war researches 
and seriously checked the progress. However, many 
of the developments in the field of radio, particularly 
those in the very high frequency and microwave 
regions made during the war are directly utilisable 
in television technique. As such, television has 
received a fresh impetus as soon as the war has 
been over. It is now a fully commercialised service 
and is not to be regarded as an experimentaltoy. 
This has been amply demonstrated by the great success 
with which the B.B.C. televised the Olympic games, 
by the part it played in the. last presidential election 


ing Street, London, the official residence of the British 
premier. Television is now a practical medium of 
entertainment, instruction and dissemination of news. 

In the present article a brief survey will be made 
of the developments of television service made in 
the different countries after the war, of the technical 
progress made during and after the war and of the 
possible future developments. 

Progress m Television Service 

Immediately before the war, England was the 
leading country in television service. Unfortunately 
the progress was stopped and she is now again trying 
to pick up the lead. British television employs 405 
lines and is under the control of the B.B.C. There 
is one powerful transmitter at Alexandra Palace for 
the London area: Free television demonstrations are 



Rig. 1. The existing and the contemplated network of television services 
in the U.S.A. — (From Radio Age)* 


campaigns in the U.S.A. and last, but not the least, 
by the installation of a television receiver at 10, Down- 

* The article is based on a talk given by Prof. S. K . Mitra 
at the Rotary Chib, Calcutta, on December 14, 


given in the Science Museum, South Kensington every- 
day. Another transmitter at Birmingham, near Sutton 
Coldfield is nearing completion. This new station 
will be interlinked with the existing London Station 
by two relay stations. JSach of these relay stations 
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consist of an 80 ft. lattice steel tower on the top 
of which will be a Oft. square cabin containing 
R # F. and signal channel equipment. The transmitting 
and the receiving paraboloids each 12 ft. in diameter, 
are to be mounted above the cabin. The power supply, 
and the control equipments are housed in a small 
building at the base of the tower. 

The increasing popularity of television service 
will be evident from tho fact that while at the end 
of J 947 the number of licences was only 18,850, that 
at the end of 1048 was 52,500. The number at the end 
of J 040 is expected to reach 100,000 mark. 

French television is worked by the P.T.T. autho- 
rities on 455 lines per picture. At present programmes 
are radiated 5 days in the week. There has also been 
proposals for extensions of television service into 
the principal towns lik$ Lille, Lyons, Toulouse, Mar- 
seilles and Bordeaux. The new services are expected to 
adopt higher definition— 819 lines. Attempts are being 
made to erect television theatres in certain towns 
where large audience will be able to see big screen 
reproduction of the 819 lines transmissions. A link 
between tho British and French television for inter- 
change of programmes is also contemplated. 

Russia is also not lagging behind. Besides the 
existing stations at Moscow and Leningrad two more 
powerful stations will be opened in the near future. 
Russia works on 625 line system. But a high definition 
is being contemplated. 

Television has made the greatest stride in the 
U.S.A. She is now tho leading country for television 
service in the world. There are at present 51 television 
stations operating in the U.S.A. An estimated 360 
more stations are in the various stages of preparation 
subject to the approval of the Federal Communications 
Commission. Television receivers are being manufactured 
at the rate of a million a year as against 8,000 a year, 
a year ago. The usual service area of a television trans- 
mitter being 50 to 60 miles, a country like the U.S.A. 
lias to bo served by a network of stations interlinked 
with each other by cables or radio relays. Compre- 
hensive plans have been propared and construction 
programmes undertaken for the network system (Fig. 1). 
The*' existing stations together with the contemplated 
network systems will provide the U.vS.A. with tele- 
vision service entertaining millions of audience. 

Besides the above mentioned countries, Australia, 
Canada and Poland are also planning for immediate 
installation of the television service. Of these, Aus- 
tralia has already advanced much in her plans. Her 
capital towns will soon have their television transmit- 
ters. 

Technical Progress 


the production of large size television pictures suitable 
for a public audience. Other notable advances arc, 
efficient network system for interlinking distant cities 
(cables and radio relays), higher definition, mobile 
equipment for telecasting topical events. These arc 
briefly described below. 

(1) Pick-up tubes. The “pick-up” tube is the 
heart or rather the eye of television transmifmon ap- 
paratus. It performs the function parallel to that 
of the microphone in sound broadcasting. The mic- 
rophone converts fluctuating sound into correspond- 
ing fluctuating electrical impulses. The television 
pick-up converts the fluctuating brightness' — the light 
and the shade values of the different parts of the scene 
to be televised — into their electrical counterparts. 
This it does by scanning the. scene line by line in a small 
fraction of a second during which the scene has not 
changed appreciably (Fig. 2). The original devices 
for performing this scanning were mostly mechanical. 
But a new principle was introduced in 1936, by T>r. 
Zworykin in Ins iconoscope in which the scanning was 



Advance in television technique made since the 
introduction of electronic system of scanning by Zwory- 
kin in 1936, has mainly been in two directions, namely, 
in the development of sensitive “pick- up” tubes as 
can be used with ordinary room illumination and in 


Fig. 2. Illustrating the scanning operation. The pic- 
ture is scanned by dividing it up into a number of very 
narrow adjacent strips. Hero a particular line is taken 
and the electrical fluctuations corresponding to the differ- 
ent light and shade values are represented in the graph 
shown below. — (From Television Today)* 
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done entirely by electronic method enabling pictures 
of much highor definition to be produced. 

The action of the iconoscope or the “electronic 
eye”, as it may be popularly called, closely resembles that 
of the eye in its behaviour. It consists essentially 
of a lens functioning like the lens of the eye and of a 
mosaic of minute photoelectric cells which may be com- 
pared to Jbhe retina. The lens throws the image of 
tile scene to be televised on the mosaic and forms on 
it by photoelectronic stimulation an electrical image 
of the optical scene. This electrical image is scanned 
by a beam of electrons line by line, from top to bottom 
and in the process electrical impulses corresponding 
to the light and shade values of the different parts of 
the scone are generated and conveyed to the trans- 
mitting system (8ee Fig. ;i). 

SCENE TO BE EUCfBUN BEAM 



Fig. 3. Iconoscope or the “electronic eye.” Tho oleolri- 
cal image of tho optical scene formed on the mosaic surface 
is scanned by the nairow beam of electrons. The current 
fluctuations or the “video” signals corresponding to the light 
and shade values of the different parts of the scene, are con- 
veyed to amplifiers and are made to modulate the carrier wave. 
(From Television Today). 

The iconoscope, however, suffered from a grave 
defect from the practical point of view. The scene 
to bo televised had to be very strongly illuminated 
which was rather inconvenient. The iconoscope prin- 
ciple has, however, been suitably developed and new 
pick-up tubes produced, with which it is now possible 
to televise scenes under ordinary room illumination. 

The low efficiency of the ordinary iconoscope 
is due to the fact that in it only a fraction of tho elec- 
trons liberated from the mosaic contribute to the pro- 
duction of the signal. A very strong illumination of 
the object is thus necessary to get a satisfactory sig- 
nal-to-noise ratio. Another defect of the iconoscope 
is that the uncollected electrons duo to secondary 
emission fall back on the mosaic and cause a shading 
of the picture. These defects have been eliminated 
in the new pick-up tubes — Image Orthicon (RCA) 
and C.P.S. Eraitron (E.M.I., Great Britain). With 
these pick-up tubes scenes even under ordinary room 
illumination can be picked up and transmitted. 

The construction of the Image Orthicon is shown 
in Fig. 4. Its principle is as follows. The optical 
image is formed on the photocathode which is at a po- 
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tential of —600 volts. The photoelectrons produced 
are focussed by means of the magnetic focussing coil 
<>n to the target electrode which is at zero potential. 
Tho target electrode is of extremely thin low rcsisti- 
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Fra. 4. Sensitive pick up tub©— Imago Orthicon. 
Tho high sensitivity is due to tho fact that the electron 
multiplier system at the output, in addition to the photo- 
cathode, target electrode and the aperture electrode, all 
introduce several stages of electron multiplication. The 
screen attracts the secondary electrons emitted from the 
target electrode and thus eliminates the shading effect. 
(From Proc. I.R.fl.) 


vity glass and has a high secondary to primary ratio. 
Wore secondary electrons are thus emitted from the 
target electrode which are then attracted to the screen 
placed a ftnv thousandth of an inch distance from the 
target. (The screen is at a potential of +1 volt.) A 
charge-pattern corresponding to the original optical 
image is thus formed on the target electrode. The 
scanning beam accelerated bv the anode is slowed 
down as it approaches the target. As the charge pat- 
fern is scanned, the beam loses appropriate number 
of electrons to neutralise the electron deficiency on 
the target electrode, this loss being proportional to 
the original optical intensity. The rest of the elec- 
trons in the beam, return as shown in the return beam 
and strikes the aperture electrode. The intensity of 
the return beam is evidently modulated as the scan- 
ning operation goes on. The aperture electrode is 
followed by tho electron multiplier system, the output 
of which constitutes the signal output. The high 
sensitivity of Image Orthicon is thus due, firstly, to 
the photocathode being more effective in the liberation 
of photoelectrons than the mosaic surface and second- 
ly to the target electrode, as also the aperture elec- 
trode together with the electron multiplier system, 
introducing several stages of electron multiplication. 

(2) Projection Television. A great drawback of 
ordinary television receiver is that the image formed 
on the screen of the cathode ray tube is small. This 
is because tho size of the tube cannot be made large 
for reasons of mechanical strength. Even in the most- 
expensive receiver the size floes not exceed 0 inch bv 
12 inch (Fig. f>). To see the small figures moving and 
to hear them speaking and singing with the full loud- 
ness of human voice produces an unnatural impression. 
Further, such small pictures an* useless for entertain- 
ing a large audience. The problem has been solved 
to a great extent bv making the pictures on the cathode 
ray tube screen highly brilliant by using high anode 
voltage and then projecting an enlarged imago by a 
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mutable optical system. The principle of the pro- 
jection system which has been employed successfully 
is quite simple being just the reverse of Schmidt’s 
optical method of photographing the stars. In Fig. fi, 
K is the cathode ray tube of the receiver, A is the 



Fig. 5. A modern table model television receiver. The 
received picture is of size ttj* X 8«T. — (From Pndio Age). 

anode connection, S focusing and deflection coils, M x 
spherical mirror, C Schmidt correction plate which 
eliminates the effect of spherical aberration. The 
receiving screen (not shown in the diagram) is at a 
comparatively large distance. The emergent rays 
are therefore drawn parallel. The picture on the ca- 
thode ray tube which is small but is made very bright 
by use of high anode voltage- is thus projected suitably 
on the viewing screen. 



Fig. (}. A simple optical system used in large screen 
projection of television pictures. M, is the spherical mirror 
which produces an enlarged imago of the picture on the 
screen of the cathode ray tube K. C section of Schmidt 
correction pinto for elimination of spherical aberration: 

A -anode connection; S - focussing and deflection coils. 
The projection screen, at a larger distance, is not shown 
in the diagram. {From Philips Tech. Per,) 

A modification of this method has recently been 
made in the Philips Laboratory. A plane mirror >1 8 
is used in the light path between the spherical mirror 
and the correction plate (Fig* 7). This insertion eli- 


minates the lateral shadow effect obtained in the pre- 
vious method. The sizes of the mirrors and their 
positions with respect to the correction plate deter- 
mine the ultimate brightness and the magnification 
obtained in the system. In one method, employing 



Fig. 7. Improved Philips optical system for ‘Projection 
Television'. A plane mirror M, is placed in the light path 
between the spherical mirror M, and the correction plate 
C. The piano mirror makes an angle of 45° with the axis of 
the cathode ray tube and eliminates the lateral shadow 
effect. - (From Philips Tech. Per.) 

Schinult’s system with 3i inches cathode ray tube and 

14 inches optieal system, the magnification obtained 
was 7.5 times at a throw distance of fib inches. Plas- 
ties is preferred to glass for the optical equipment since* 
the cost per lens is less and large apertures with less 
aberration can be easily obtained with it. 

K. C. A. have recently developed a Schmidt type 
optical system by which pictures of high quality 18x24 
feet can be obtained. This new projector utilizes a 

15 inch cathode ray tube operating at 80 Kv and an 
optical system employing 42 inches spherical mirror 
and 36 inches aspherical correcting lens. The pro- 
jection distance or the “throw” of the equipment is 
40 feet. This is now the largest Schmidt type optical 
system producing pictures large enough for cinema 
show. 

A rather indirect method of producing large pic- 
tures for cinema projection, having great commer- 
cial possibilities, is the intermediate film method. In 
this method the picture on the cathode ray tube screen 
is focussed on a photographic film which is developed, 
fixed and then passed through a projector — all in less 
than 60 secs. Projection on to a screen 12 ft by 10 ft 
is as good as that of 16 mm Cine. 

Such television projectors working in close co- 
operation with the cinema show would no doubt help 
much in producing better programmes. A convention 
was held in Paris in October, 1948 organised by the 
Socicte do Radioelectriciens on the question of 
relation between television" and cinema. 

(3) Improvements in Definition. The number 
of lines used for scanning determines the definition 
or the amount of detail that can be obtained in the 
picture (See Fig. 2). In the first B.B.C. television 
broadcast (1929) employing mechanical scanning sys- 
tem the pictures w ? ere split up into only 30 linos. The 
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detail was naturally very poor. With the introduc- 
tion of electronic scanning system there was great im- 
provement and high definition television service using 
405 lines was first started at the Alexandra Palace 
station in 1936, With this new system 14 times more 
details of the picture could be transmitted as com- 
pared to the old system. Still higher definition is 
being aimed at and the various countries are trying 
to increase the number of scanning lines. Americans 
use 525 niies per picture and are experimenting for 
higher definition. The French employ 455 lines and 
new systems using 819 and 1029 lines are being experi- 
mented on. The Russians use 025 lines. Jt is interest- 
ing to note that the figures given above arc all odd. 
This is because of technical reasons, the number of 
lines has to be multiples of odd numbers below 11. 
The standard of definition, i.e . of number of lines has 
to be carefully fixed, because any change in this stand - 



Fig. 8. A modem radio relay station. The 
cabin above the steel tower contains the R.F. 
and other equipment. The transmitting and 
the receiving paraboloids aro also shown. The 
power supply units and the control equipment 
are housed in the small building at the base of 
the tower. — (From Radio Age*) 

ard makes the receivers useless, it being extremely 
difficult to adapt them to the changed number. In 
this connection it may also be pointed out that no 


international standard of definition has yet been fiied. 
Such a standard is, however, essential for exchange 
of programmes between different countries. A com- 
mon standard is also necessary from the commercial 
point of view. 

(4) Television network system. For television 
transmission very high frequencies in the range of 
wavelength round 6 meters have to be used. This 
is because the video signal, i.e. the electric impulses 
corresponding to the light and shade fluctuations of 
the scene to be transmitted, has a frequency ranging 
up to 5 Me/s. The carrier frequencies employed for 
radiating the video signal must therefore be at least 
49 Mc/s. Unlike the longer waves used for sound broad- 
casting, waves of such high frequency have very short 
range. It is thus not possible to provide worldwide 
or even countrywide', television service from a single 
transmitter. One transmitter can .serve, at best one 
city with its suburban areas. This obviously is a seri- 
ous handicap to the usefulness and popularity of tele- 
casting. The inhabitants of one city naturally want 
to see the important events of another city, particu- 
larly those of the capital city. The problem has been 
solved by interlinking the cities which want to ex- 
change programmes by special cables or radio relays. 



Fig. 9. Televising a boxing competition (left corner at the 
top), Tho camera equipments aro placed on tho platform at 
top right. The actual pictures as seen on tho receiver screen 
are shown at the bottom. — (From Radio Age.) 

The former is just a pipe with a wire down its centre. 
The video signals ('an be pumped through such pipe 
over many hundreds of miles. The latter, radio re- 
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lays, aro installed at suitable intervals (avorage dis- 
tance 30 miles) between the cities to be interlinked. 
The function of the relay is to catch the signals from 
one station and to transmit them aftor suitable ampli- 
fication to the next relay. This in its turn re-trans- 
mits it to the next one and so on till the destination 
is reached. Fig. 8 shows a modern relay station. It 
should bo mentioned that both cables and relays are 
very expensive. 

(5) Mobile unit * for topical events. Telecasting 
of topical events is a very popular item of television 
service (Fig. 9). And, of all the topical events, tele- 
vising of sports is perhaps the most popular. As such, 
many technical devices have been invented to tele- 
vise sports with success. To televiso a foot ball game, 
for instance, use is made of an air conditioned sound 
proof truck on the top of which stand two or three 
camera pick-up tubes each with its own operator sur- 
veying the game. The operator can shift instantaneously 


camera cage watches the game as well as a master 
screen and speaks before the microphone (Fig. 10). 

New Developments 

The research laboratories of many of the univer- 
sities and research institutes as also those of the big 
industries in the Western countries are now carrying 
on intensive research for further improvement of tele- 
vision service and also to find new fields of applica- 
tion of television technique. Some of the new and 
prospective developments aro briefly described below. 

Long distance transmission of television signals 
* with radio relay or cable is very expensive. A method 
of obviating this is being experimented upon by the 
Westing!) on so Electric Corporation by what they call 
Stmtovision. Instead of building higher and higher 
relay towers, transmission is made from high flying 



Fig. 10. A modem mobile unit employed in televising outdoor events. Th© cameraman is seen 
adjusting the 'Image Orthicon’ piek-up tube. The transmitting paraboloid is on his right. — (From 
Broadcast News.) 


from a player kicking the ball to a close up of the 
soaring hall with the help of a device called a “Zoomar” 
on one of the cameras. A second truck houses tbo 
control equipment with its operators and the director 
who can control with swift precision and edit tho 
images going on the air. The commentator sitting in the 


aeroplanes. Ground studios beam programmes to 
the planes at about 30,000 ft. These relay the pro- 
grammes to receivers within an area of 211 miles » 
radius. With such a system it is possible to serve 
78 per cent of the U.S.A. with only 14 planes at the 
estimated cost of $1000 per hour. Stratovwion in this" 
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or some other form, if perfected to the point of commer- 
cialisation, would certainly make a groat advance in 
diffusion of television programmes. 

Another possible development is the combination 
of ordinary telephone service with television. As far 
back as 1936 the German Postal authorities were ex- 
perimenting on the same between Berlin and Leipzig 
with a special cable system. Jt was reported that the 
system worked successfully, though of course it needed 
many improvements for full commercialisation. Tele- 
vision linked with telephone will, no doubt, be very 
useful particularly in the business world. 

Researches are being carried on in respect of co- 
lour television. Colour television systems are based on 
the principle that any colour can be obtained as a com- 
bination of three primary colours — red, green and 
blue. Two methods are generally used for the produc- 
tion of pictures in natural colours — the sequential and 
the simultaneous method. 

In the Sequential Method use is made of filters — 
red, green and blue, both at the transmitter and the 
receiver. When the transmitter filter ‘sees’ blue, for 
instance, control signals are sent out which actuate 
the blue filter at the receiver end. Blue colour is thus 
imparted in proper places to the received picture. 
With the colour filter acting in proper sequence there- 
fore, the colours as seen at the transmitter are repro- 
duced on the receiver screen. 

In the Simultaneous Method three separate photo- 
sensitive surface's are used in the pick-up arrange- 
ment. The three components — red, green and blue 
— are separately focussed on these surfaces through 
respective filters and are scanned simultaneously. 
The outputs from each of these pick-up tubes are then 
transmitted on separate channels, in the receiver 
side three cathode ray tubes are viewed through the 
three different filters. The combined action of the 
filters and the respective phosphors of the receiver 
screen impart the respective component colours on 
the screens. The three separate coloured images are 
then combined optically in proper sequence on the 
final receiver screen reproducing the original scene 
in its natural colours. 

Though not commercialised, colour television has 
been an experimental success. The reception of the 
original scene in its natural colour is certainly an added 
attraction as it contributes much to the reality and 
the brilliance of the picture. However, the draw- 
back of colour television is that the receiving sets would 
be too expensive for common use. 

A remarkable application of television technique 
in high speed tele- com muni cation should also be men- 
tioned. This is Ultrafax system developed by the joint 
effort of the R.C.A., the Eastman Kodak Company and 
the National Broadcasting Company of the U. S'! A. It 
is capable of transmitting and receiving written or 
printed messages and documents at the rate of a mil- 
lion words a minute. This remarkable result has been 
achieved by a combination of modern television pro- 


cess with the latest techniques in radio relaying and 
high-speed photography. The operation consists of 
the following steps. .Firstly, the matter to be trans- 
mitted is so arranged as to ensure a continuous How 
at high speed. This is then scanned by the flying spot 
television scanner and the telovised image is trans- 
mitted as ultra-high radio frequency signals over a 
microwave relay system. Projection type television 
receivers are used to receive the incoming messages, 
which are then recorded on motion picture film or on 
to a photographic paper. The exposed film can be 
transferred quickly to a special processing unit deve- 
loped by Kodak Research Laboratories where it is 
rinsed, fixed and dried in less than half a minute The 
film may be enlarged to full sized copy by means of a 
high speed continuous processing machine and any 
number of llltrafax messages can be printed from a 
single film. In a demonstration in October 1948 be- 
fore the Library Congress, Washington, 1>.C., the 1047 
page novel “Gone with the Wind” was transmitted 
and received in about two minutes. It has been said 
that “Ultrafax is as significant a milestone in commu- 
nications as was the splitting of the atom in the World 
of Energy.” 

Mention may also be made of Tehran, developed 
in recent years by the R.C.A, engineers working in 
collaboration with the U. S. Air Forces. The new 
invention is a combination of the modern radar and 
television techniques known as 7 Revision -If atlar -Navi- 
gation, or in short Teleran. Teleran scope fitted 
on the instrument panel of a plane can give its pilot 
all the necessary information regarding its position 
and the terrain below. In actual operation the infor- 
mation regarding the position of the plane is collected 
by ground radar stations which is then televised along 
with the terrain map. The pilot sees on his receiver 
screen a complete picture showing all the details of 
the terrain below with the necessary route markings, 
weather conditions and finally his position in space. 

Concluding Remarks 

As has been mentioned earlier, television is no 
longer an experimental toy but a fully commercia- 
lised service in all the advanced countries of the world. 
Television research now forms an important item in 
the research programmes of the principal research 
organisations of these countries. These researches 
have found novel applications of television technique 
in many useful fields. Progressive thinkers of all coun- 
tries in the world now well realise its potentialities. 
Jt is, however, regrettable that India is one of the very 
few independent countries which is doing nothing in 
regard to television service or research in this Age of 
Television. It is a pleasure to recall in this connection 
that television study and research has been included in 
the curriculum of the newly opened Department of Radio 
Physics and Electronics of the University of Calcutta. 
Let us hope that our NationalGovcmment will soon take 
active interest in the matter and take steps for institut- 
ing television service and research in this country. 
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UNORTHODOX RADAR VISION 


Fi,t. Lt. K. R. SAHA. 

METEOROLOGIST, R.I.A.F. 


TPHE use of tin? ultra-short wave radar to detect. 

coastal areas and low-lying surface targets during 
World War IT brought to light numerous instances 
of objects being detected or followed at distances far 
beyond the optical horizon. Reports of such unorthodox 
radar vision came from almost all parts of the globe 
and the phenomenon was found to bo related to the 
weather and climatic conditions. To give only a few 
examples of unorthodox radar visions; (1) A 10 cm 
Coastal Defence Radar set at Steamer Point on 
the south coast of England saw the French coast at 
a maximum range* of 170 km on many days during the 
period 5th to 20th duly, 1044, when the normal range 
expected would have been 40 km ; (2) a 255 ft. station 
at Bombay, optical horizon 20 miles, frequently picked 
up on its I i metre-radar set during February and March, 
1944, ships at distances of more than 300 miles out at 
sea and occasionally saw tin* Arabian coast at distances 
of 850-1500 miles and even the shore of the Gulf of Aden 
at 1700 miles, (Fig. I); (3) a 1 Awmtre ear'y warning radar 



Fig. 1. Long-range fixed echoes soon by lAm onrly- 
waming radar at. Bombay (255 ft. above so a level) during 
February and March, 194-4. 

sited on a 184 ft. tower at Diamond Harbour in Bengal, 
optical horizon 18 miles, saw objects at a distance of 
200 miles on a night in March 1944, when the daytime 
vision was limited to 40 miles, (Fig. 2); (4) a 0000 ton- 
vessel in New* Zealand waters was followed by a high 
powered centiiuetric radar from a 025 ft. station to a 
distance of 120 miles and then lost off the time base, 
the signal strength then being 10 decibels above noise. 
The distribution of the receiver signal strength as the 
vessel receded from the station is shown in Fig. 3, which 
shows that while the range of normal orthodox vision 
for the vessel was 30-40 miles, the propagation on this 
particular occasion was markedly unorthodox. 

The examples quoted above are typical of the phe- 
nomenon that was widely observed during the war and 


it created widespread interest among radio-physicists. 
As already mentioned, the phenomenon was found to 
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Distribution under condition of orthodox vision. 

„ „ „ ,, unorthodox vision. 

Single strength low owing to obstructed field of view. 
Limits of maximum range on this vessel under conditions 
of orthodox vision. 

be directly influenced by meteorological conditions. 
Intensive research soon revealed that unorthodox radar 
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Distribution under condition of orthodox vision. 

— • » * " » « unorthodox vision. 

«> Signs! strength lov owing to obstructed field of 

view. 

—*■ Limits of •iximm range on this vessel under 
condition s 9 f orthodox vision j 



Range in Nautlcsl^Miles.' 


Range in Nautical Miles. 

Fig. 3. Distribution of signal strength from a 6000 
ton vessel in stern aspect taken in a high powered centime- 
trie radar sited at 625 ft. a.s.l. (after Alexander). 

vision was caused, by th& formation of so-called radio 
ducts due to atmospheric supcr-rcfraction. .Super- 
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refraction is caused by the existence of abnormal gra- 
dient of temperature and humidity. It is well known 
that under normal conditions throughout the tropos- 
phere, temperature decreases with height with a lapse 
rate of 3.47°F per 1000 ft. If for any reason there is 
an increase of temperature with height or a ‘ 'tempera- 
ture inversion" as it is called, appreciable supe r - refrac- 
tion is likely to occur. Vertical distribution of mois- 
ture playyPa. more important part in the phenomenon. 
Ordinarily humidity diminishes with height at a stan- 
dard rate. Too large a lapse rate of humidity gives 
rise to pronounced super- refraction. It has been obser- 
ved that a temperature inversion of K' J F and a humidity - 
mixing-ratio deficit of about o grm/Kgm in the lowest 
1000 feet of the Earth’s atmosphere can produce marked 
super-refraction. In other words super-refraction is 
observed when the upper air is sufficiently warm and 
d^y compared to the air close to the earth’s surface. 
Humidity control increases with the temperature of the 
air. It is for this reason that the phenomenon of unor- 
thodox radar vision is more pronounced in tropical 
regions like India, Malta, etc. Progress in the study 
of this phenomenon has recently led to the development 
of a new science called Radio-Meteorology on which 
work is still continuing. The object of this article is to 
outline our ideas as to how super- refraction explains 
unorthodox radar vision in the lower atmosphere and 
briefly discuss the meteorological origin of super-refrac- 
tion. 

Atmospheric Sir pek-kefraction-- 
Formation of Radio-duct 

Radio refraction in the atmosphere was known 
long before war. Rut an impetus to the study of radio 
refraction came only in war time when both radio scien- 
tists and meteorologists were called upon, to explain 
the new phenomenon of unorthodox radar vision. Hue 
to the refracting property of the atmosphere a radio 
ray starting horizontally from a transmitter is bent 
away from the upward vertical and has a tendency to 
follow the curvature of the earth. In a well-mixed 
atmosphere in which turbulence maintains a fairly nor- 
mal distribution of air, it is shown that the radio ray 
has a curvature of one-fifth of that of the earth. A ray 
curvature of this amount will probably be produced in 
any atmosphere if the transmitter is sited sufficiently 
high in the atmosphere. But the refractive index 
gradient is seldom uniform throughout the height 
of the atmosphere. Especially in the lower layers, 
the refractive index gradient departs far from normal 
at times, depending upon meteorological conditions. 
Within a layer of 100ft. or so above the ground, marked 
lapse rate of refractive index occasionally results from 
steep negative gradients of air density and humidity. 
In such a hetcorogenous atmosphere, if a transmitter 
is brought- downward from a high level, a radio ray will 
be refracted more and more until at a critical height 
it will have the same curvature as the earth and thus 
continue to maintain its height round the earth instead 
of flying off at a tangent. This critical height marks 


the top of what is known as a Radio duct. If the trans- 
mitter is taken below the. critical height, a radio ray 
will have greater curvature than the earth. It there- 
fore, strikes the ground obliquely and after being re- 
flected from there proceeds on its journey by successive 
reflection at the ground inside the radio duet. The 
radio duct thus traps the radio ray completely and 
guides it round the curved earth. The energy of the 
ray thus trapped is maintained over a fairly long dis- 
tance and (tan proceed well below the geometrical hori- 
zon. This explains how super- refraction in the lower 
atmosphere guides the radio energy in the radio duct 
and causes unorthodox radar- vision. Fig. 4 shows sche- 
matically the formation of the radio duct and the pro- 
pagation of a radio ray below the geometrical horizon 
by successive reflection at the earth’s surface or the 
lower surface of the duct. To marks the position of 
the transmitter at which the ray. has same curvature 
as the earth. 



Fig. i. Formation ol R tdio Duct. 

Fnorthodox radar vision was observed at metre, deci- 
metre and centimetre wave lengths only. Radio pro- 
pagation at broadcasting wave lengths whs found to be 
completely orthodox even in an atmosphere with mark- 
ed super-refraction. Whet is the cause of this depen- 
dence of super- refraction on wave length' The variation 
of the refractive index of the atmosphere with wave 
length may be considered to be negligible for the range 
of wave lengths under consideration and cannot, there- 
fore, explain this dependence of super-retraction on 
wave lengths. 'Hie explanation given by the wave 
theory is that an atmospheric duet is a wave-guide 
and as such will only transmit efficiently waves whose 
length is below a certain value related to the width of ine 
duet. The longer the wave length we wish to transmit, 
the larger the duct -width must be before efficient, guid- 
ing can occur. It was shown by Eckersley that a duct- 
width of the order of ifiOOO ft. is required to transmit 
efficiently waves of length ! km, whereas a duct- width 
of 100ft. is sufficient to guide efficiently waves of length 
10 cm. Duet-width of the order of 1 0000 ft. is never 
observed in the atmosphere, :• fact which explains the 
complete independence of long radio waves of super- 
refraction. On the other hand duet-width of the order 
of 100 ft. or so occurs frequently in the lower atmos- 
phere and as a result, short radar waves are transmitted 
in the wave guide far beyond the geometrical horizon, 



356 


SCIENCE AND CULTURE 


Volt 14, No. 9 


This dependence on wavelength of the unorthodox 
propagation of wave has been illustrated in Figs. 5(a, h 
<k c). Fig. 5(a) shows the ease of sufficiently short 
wav(‘ when complete trapping of rays by the duet is 
possible. Fig. r> ( /> ) indicates partial trapping in case of 
waves of medium lengths. Fig. 5(f) shows the cast* of 
long wave when the wave passes out completely mi- 
1 , nipped. 



A more convenient quantity is the Modified 
Refractive Index (M.R.l.) defined as 

p' - ( p + h/a - 1 ) 10° 

where a —radius of the earth and h - the height above 
the ground level. Ordinarily p* increases with height 
at the rate of 5fi p unit per 1000 ft. Existence of a tem- 
perature inversion and an appreciable negative humi- 
dity gradient, however, gives rise to a decrease of the 
M.R.l. with height. An atmospheric layer with nega- 
tive p gradient is, therefore, the seat of a radio duet. 
A refracting layer of the type depicted above need not 
necessarily begin from the surface of the earth. The 
layer might- as well be elevated above the earth's sur- 
face depending upon the distribution of temperature 
and humidity. This gives rise to several distinct types 
of radio duets. Fig. (> shows the t hree principal types of 
atmospheric profiles which give rise to super- refract- 
ing layers or radio ducts in the atmosphere. The series 
of figures under (a) shows the ease when the negative 
gradient commences from the surface of the earth. 
In this case the refracting layer and the radio duet- 
rest on the ground. Such duets are railed the Surface 
layer and Surface duct type or the Stt. Ducts. These 
are of the most important type. Distribution shown 
under (b) gives rise to a refracting layer somewhat 
elevated above the ground: but, nevertheless, the duct- 
rests on the ground. Such duets are called the Ele- 
vated-layer Surface-duct or the E.S. Duct. These are 
of less importance than the S.S. Ducts and are asso- 
ciated with large temperature excess and humidity 
deficit of the upper air. Distribution depicted in 
(c) gives rise to a refracting layer and a duet both ele- 
vated above the ground. Such duets are called the 
Elevated-layer Elevated-duet or the E.F, Duets. These 
are only of minor importance. 


Fig. 5a. Illustrating trapping by a duct (sufficiently 
short waves). — Comparatively high field-strength. 

Fig. 56. Illustrating partial guiding by a duct (transi- 
tion from super-refraction to orthodox propagation). — Com- 
paratively high field -strength. 

Fig. 5c. Illustrating practically no guiding in spito of 
dint, (sufficiently long waves). —Comparatively high field 
strength. 


Meteorological Origin of Soter- 

REFR ACTING LAYERS 


Refractive index of atmospheric air for radio wave 
is given by 


/A = 1 + 



X 10- p 



Fig. 6. Types of Radio duet (after Booker). 


where T - temperature in °K, p the pressure, and Temperature and humidity distributions in the up- 

c — the vapour pressure in millibars. per air affecting radio-duets have recently been investi. 
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gated experimentally by aircraft ascents and by meteo- 
rograph flights using a captive baloon. In the British 
Isles, planned experiments by these methods over the 
Cardigan Bay have yielded a valuable set of data on 
which researches are still in progress. Recently a, 
party of T.R.E. scientists came to Malta to collect data 
on super-refraction. Similar experiments an* being con- 
ducted or planned for other parts of the world. Data 
so far investigated seem to support the theoretical 
Considerations outlined in this article hut further data 
are, of course needed for a detailed study. As a result of 
the investigations so far curried out it is now known 
that the meteorological conditions which build up 
super- refracting layers in the atmosphere are caused 
principally by the following : 

I. .Radiative Cooling over land 

Under clear- sky condit ions especially when an anti- 
cyclone. prevails, the ground radiates and cools result- 
ing in a temperature inversion. Usually there is a, 
negative humidity gradient to start with hut if the 
temperature on the ground falls below the dew point, 
water vapour is removed in the form of dew drops, and 
the negative gradient may lx- reversed. The effect of 
the temperature inversion may then be offset by tin- 
positive humidity gradient and as a result the radio 
duct is liable to lie destroyed. 

2 Subsidence 

Under anti-cyclonic conditions, air settles down 
from quite high levels. As a result of downward mo- 
tion into regions of higher pressure the temperature of 
the settling air rises adiabatically. Since the air has 
descended from high levels, it is dry and spreads 
out as a dry warm layer over a cooler moist layer. This 
type of inversion may occur over both land and sea 
and at any time of (lay or night. Subsidence usually 
gives an elevated duet of the type of ES or EE Duct. 

3 . The Sea-breeze 

The intense sea breeze effect in some parts of the 
world offers a favourable condition for marked super- 
refraction in the atmosphere, specially if the air current 


above the* sea breeze is hot and dry. Temperature 
rises in going upward through the sea breeze into the 
surmounting air and sharp contrast is noticed in the 
humidity content of the 2 3 -- two air masses. When con- 
vection over coastal area stirs the sea breeze air into 
the lower part of the main current above, an inversion 
of temperature is likely to he found at quite a high 
level with moist air below. The elevated inversion 
may then he carried over the sea by the upper wind, , 
giving rise to an elevated radio duct over the sea. : 

1. Horizontal Air Movement 

When dry warm air from the land flows over the 
sea, it cools and becomes moist in the lower layers. The 
result is the formation of temperature inversion and 
steep negative* humidity gradient and these give pro- 
nounced super- refract ion. This type of condition is 
encountered over long distances from the coast in the 
off-shore wind in many parts of the globe during hot 
summer months. 

5. Fohn- effect 

A Eohn-elfeet produces dry warm air on the lee 
side of a barrier w hich is high enough to produce conden- 
sation on the windward slope. If this air now passes 
over a sea or a damp land surface, temperature inver- 
sion and negative humidity gradient develop in the 
lowest layers, leading to the formation of an efficient- 
radio duct. Folm wind of this type is frequently en- 
countered in the sea areas around New' Zealand. Eas- 
terly winds flowing out over the West coast near Wel- 
lington produces marked super- refraction as a result 
of the Eohn effect- and looking westward from Welling- 
ton targets can be seen out to at least 150 miles by a 
10 cm. radar. Tin* unorthodox radar vision lasts only 
so long as the easterly wind persists and wdien the wind 
drops the target disappears.* 

♦The writer is indebted to the Commanding Officer, Elo- , 
montary Flying Training School, R.I.A.F., .Jodhpur, for t per- 
mission to publish this article, to Dr. B. N. Singh of Civil Avi- 
ation for giving some helpful suggestion and to Mr. Sudhansu 
Deb, Secretary of the Radio Research Committee for revising 
tho paper. 
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CAN AGRICULTURE BE MECHANIZED ?* 


Since the Isth cut ary agiiru/tar c which, has followed man 
or less closely the progress oj mechanical arts , has hern profoundly 
transformed and the adrantayes of mccha n nation of agricul- 
tural practices n'cd no discussion today, ft must not however 
be believed that this mechanization might , in the present state 
of our knowledge , be e. etc tided to all agricultural practices and 
to every kind of cult i eat ion and that the earth might Ik transfor- 
med into a m HI to pro luce wheat , cotton and beet just as flour 
miffs, sugar refineries or spinning milts produce flour , sugar 
or yarns. The nnrhuni ;al ion of agriculture requires discre- 
tion, failing which, d wifi provoke not only iconotnieal , but also 
biological disasters, beeau si agriculture is above all, a profes- 
sion in which man has to struggle with the whole living world 
in all its forms vegetable, animal and above all the microbes. 
The meehanieal equipments musl be put at the service of life. 
Its development which is today of vital economical imparlance 
still offers within the limits imposeif by nature, big scope to en- 
gineers, Many of the troublesome operations are stilt performed 
by hand or with the help .of rudimentary instruments at the 
cost of valuable time which the Agriculturists are ceaselessly 
tryiny to overcome by mechanization, 

p the beginning, when tin* hunter or the shepherd ad- 
opted agriculture as a profession he at first obtained 
good results. After several seasons of cultivation 
when the yield declined he selected new lands for 
exploitation. Thin procedure brought- disaster which 
later on spread even to the confines of nations and 
continents. Only some few fortunate countries escaped 
this devastation; particularly Egypt, thanks to the 
seasonal floods of the Nile, which reconstitute the ara- 
ble layer by the deposition of sediment taken off from 
other places. But how disastrous it is to deprive 

the earth of grass and trees (whieh are its hair, as it 
were) ignoring or violating the law of restitution! 
Babylon with its hanging gardens is a dead city in the 
midst of a desert. Koine Inis thrown into its drains 
the wealth of Italian. Sardinian and Sicilian campaigns 
whieh arc? ruined since fifteenth centuries. The Cartha- 
genians, the Arabs and the Spaniards ravaging the 
forests of Spain and Numidia for lunching galleys have 
created Sierras and sand-dunes. The people of Southern 
France, after setting tiro to the forest for the pasturing 
of Sheep have created calcareus plateaus. And the 
American experiment which has unfolded itself before 
our eyes illustrates this thesis strongly. 

The Primitive Conception of Mec hanize]) 
Aurktlturk in America 

The American experiment is linked directly to 
mechanization. As in every colony it begins with 
the absence of methods; the immigrants working 
according to the proved methods of their old eountireN. 
But why give oneself so much trouble when there is 
an abundance of new regions? In course of settle- 
ments on land, nomadism apfieared. The soil was 
exploited as a mine; when emptied it refused to produce 
and then one proceeded further to clear new grounds. 
Since 1800 when the population increased, tin* settlers 

* Tmiis]nf(»tl from mi art irk* hearing the title "Pout-on 
Mi'i'iinist'i r.’Ajirii'ultnri'?" (Shi- Sci.'i.r.' .1 I’/V, Mny, 19-17, 

|). 212) by Mrs. P. N. Hluuluri. K<1: Set. it- dill. 


leaving moist regions settled in semi-arid regions 
capable* of improvement by dry farming. Near about 
1895 the vast clearings of the* West characterised by 
the monoc ulture* of cereals took place. Though the 
average yield hardly exceeded 8 quintals* of wheat 
per hectare* or 2i acres, crops were obtained every 
year only from half of the land, the* other half lying 
fallow with drought; cattle were about to disappear 
and manual work progressively replaced by the deve- 
lopment of instruments. No more animals to feed 
and to be taken can* of; no more manure*. Hor about 
59 hectares,** a man, a tractor, some farming tools, 
ft sowing machine, a combine*, and a dragging wagon 
for carrying the grains to the* pit were enough. It 
was total mechanization” The time taken to cultivate 
cereals on one hectare of land was 92 hours in 1850 
as compared to U hours in these days. The cost 
was far less than that in ancient Europe. Extraordi- 
nary progress which must bear its fruits; but this was 
not agriculture*! 

The Hr venue ok Natl re 

Within half a century tin* ill-treated earth took 
revenge: from 1907, many clearings gave* signs of ex- 
haustion. In 1912, the farm of John Deere, holder 
of old patent rights of the pioneer Joseph Kemp, 
proposed to the farmers who were anxious in the re- 
construction e>f the fertility of the soil, the use of the 
* manure spreader/ But manure implies animals and 
the association of cattle-breeding with cultivation. 
This was realised much later. Near 1920, the terrible 
phenomenon of dust-storm appeared; the storm strip- 
ped off’ the sub-stratum of its coat of tillable soil over 
thousands of square miles; the sky was darkened by 
it. What happened'? The intense trituration of the 
earth burnt the humus, a black, spongy, colloidal 
substance of organic origin, whieh could not be renewed 
for want of restitution. The soil particles being 
disunited an* exposed like fluid sand to atmospheric* 
violence. Nothing could check the storm over these 
denuded regions, and the condensations being irregular, 
the storms took the deluvian form, characteristic of 
sub-desert regions. The eolian and hydraulic erosions 
multiplied the ravages, denuding t he rocks and cover- 
ing with sand the streams of water and retrograd- 
ing the sources thereof. At the moment of accession of 
F. I). Roosevelt to the presidentship, it was estimated 
that the fertility of £ of the cultivable land has been 
irrecoverably destroyed. In 1937, the soil conservation 
service was established. Its function was to urge the 
locally interested persons to constitute specialised co- 
operative societies and to give them technical help. 
There an* now in IfiOO districts many co-operative 
societies, having total membership of 32,50,000 
farmers and ranchers out of a total of 0 million. The 

*1 Quintal— 80 1 00 lbs- - inmtnds. 

**1 KenTuro — 2. J7 acres approximately. 
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area concerned is 800 million acres. These figures 
give the extent of disaster provoked by methods of 
cultivation, which was introduced by the demands of 
mechanization. 

The soil conservation service recommended the 
following: (?) planting of forest trees or fruit trees and 
bushes where nothing else grows; (ii) to cover with 
turf the bank s of streams of water; construction of 
. barrages* for irrigation; (Hi) creation and fencing of 
pastures and of earth- work in terraces following the 
curve of the surface' (Figs. I fr 2); (iv) stubble mulch 


If Europe has discovered America, the latter has dis- 
covered at last Agriculture — formerly disowned — 
which imposes lavs that mechanization cannot change. 

Rational Aonici ltukal Exilottatton 

It is not easy to give a clear and general definition 
of agricultural exploitation. Gigantic or small, the 
farm is a living whole; as such it must be sustained 
in a permanent state of functional equilibrium 
maintained by vital phenomena of a cyclic nature to 
be expressed in a countable manner by balance-sheets: 



Figs. 1 <fe 2. Tho destruction caused hy dry earth and its remedy: the cultivation in termors. Fig. 1. The ground, 
destroyed by erosion, shows the tragic result, of careless cultivation neglecting tho needs of the earth. Fig. 1?. The 
large dark mid bright bands correspond to the alternate cultivation of cereals and cotton in terraces following tho 
bends and tho level, in a cultivation at South-Eastern United States, 


farming; (») rotation of crops in cultivation and the 
rotation of cultivation; (/’/) the breeding of (domestic) 
animals and restitution of organic manuring. It 
is confirmed that during the past decade these methods 
have not only kept down erosion but the soil has 
been restored and as a result an increase in fertility 
of the production of food and fibres has taken place. 

We can now well perceive, in the midst of pro- 
perly managed tree plantations, the harmonius exis- 
tence of a mixture of meadows and cultivated fields, 
the alliance of cattle breeding and field-work and the 
rotation of (Tops directing the rotation of cultivations. 


1 ‘Receipts — ex ponses/’ ‘ ‘entrance — issue/ ’ ‘ ‘feeding — 
consumption/’ “birth— death.” It may be said that 
as everything comes from the earth, everything must 
go back to the earth! Rut actually it is not so, for 
there are exports and losses. The art of an agricul- 
turist, which tends to become science, is to reduce to 
minimum the exports and waste, and to compensate 
by imports those it cannot avoid. Reduction of the 
export without endangering the financial equilibrium 
is another aspect of the question. The fundamental 
mechanism is the transformation on the spot of the 
coarse products of low value to fine products of higher 
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value with recovery and reincorporation of waste to the 
earth. It is better to sell milk, meat, wool, egg than 
grains, straw and fodder. The natural cycle of fertility 
is to collect from the soil the vegetables consumed by 
the herbivorous animals whose products are sold, to 
recover their excrements and restitute this manure* to 
the soil where the cycle closes by the work of microbes. 
Thus the regenerated earth brings forth new food. If 
there is a deficit the compensation will be met either 
by oil cakes and other concentrated foods incorporated 
in the food of the animals or by commercial manures 
complementary to the dung-manure. With the same 
object in view we must practise cultivation of the 
leguminous plants, which introduce in the cycle new 
elements mobilized in the substratum by their powerful 
roots and the work being accomplished by nitrogen 
fixing bacteria in their nodules. The same cultivation, 
transforming the organic matter into nutritious soluble 
salts of the earth, will 'prevent every loss by infiltration 
frequent in bare soil. Lastly the restitution of the pulp 
and offal in tin* cultivation of sugar-beet, though exac- 
ting, furnishes, provided the pulp and residues tut* 
restored to the soil, an exportable product without 
taking anything from the earth. For sugar is a subs- 
tance wholly composed of carbon taken from air, and 
of hydrogen and oxygen taken from water. 

Hut these cultivations, no more than others, can- 
not be indefinitely repeated without causing a fatigue 
due. to the toxins secreted by their roots, and w hich 
finally causes the earth refuse to produce. Thus the 
agriculturists are obliged to organize agriculture by 
means of rotation of crops; root-crops alternating the 
stem crops and those crops which exhaust soil alter- 
nate with the leguminous crops which enrich the soil. 
Against all these experiences it is clear that mono- 
culture which is so much consistent with the indus- 
trial specialization “to do a single thing and make it 
better and economical” is only a primitive method. 
The, forest kuows also the laws of protecting .the earth, 
of restitution and alternation of the species! The 
orchard and vineyard, the usual forms of monocul- 
ture, end in tin* refusal of the earth inspite of addi- 
tion of manures more by saturation by toxins than 
by exhaustion. The decline of the Aegean plums 
could not have any other reason. 

Thus the true agricultural exploitation is a com- 
plex indissociable whole in which is combined poly- 
eulture and breeding. In the simplest schematic form, 
it consists of live parts. General working of the earth, 
sowing included; poly culture of rotatory vegetables, 
for salt*, including harvesting and processing; protec- 
tion of vegetables against parasites; rearing of ani- 
mals giving exportable products; treatment with manure 
and fertilization of the soil. 

The productivity of the plantation has thus been 
carried to a maximum and it appears to persist inde- 
finitely. Cultivable lands in Europe well filled with 
animals and exploited for more than a thousand years, 
has generally increased till the discovery of mineral 
manures. Since then, only where these manures have 


been rationally utilized, we have seen a progress with- 
out fail. But the old practices complicate the prob- 
lem of mechanization especially in the exploitation 
of a limited area and tend to diversify the work 
considerably. 

American Dynamism 

Of the mechanical success obtained in the mono- 
culture of cereals, somet hing has remained. The Ame- 
ricans had taken notice of the possibilities of v tlio ma- 
chine and its technical, economical and social advan- 
tages. Determined not to do by hand any thing which 
can be* done equally well, more rapidly and at less 
expense by mechanical processes, they have since then 
taken the right path. It consists not in adapting agri- 
culture to the mechanical possibilities but to adapt 
machines to the. laws of agriculture, and this without 
affecting seriously the structure of the holding which 
is not so vast as is usually believed. As against 
big industrial exploiting concerns, there are 3 mil- 
lions of family farms and 8J millions of small non- com- 
mercial farms, tin* average area being 70 hectares, 
.‘12 per cent of which is under cultivation. The ques- 
tion that arises in America in the ease of cultivation 
or breeding of animals is: “Is it rhcchanisable or not, 
and if so to what degree, taking of course into account 
the present state of the species V 3 if the answer is in 
the negative then the next question which follows is 
“May we not change the species by any process so as 
to allow' mechanization?” For the industrial beet, 
whose slowness was marked, the slogan had been. “The 
boot, will be mechanized, or it would disappear.” The 
mechanization of beet, though not yet a complete 
success, is however already far advanced. 

The European agriculturist being better provided 
with manual labour survived longer, and though they 
did not share* this American opinion earlie*r have* been 
later on compelled to aee*ept it by force of necessity. 
They have chalked out many mechanical solutions, 
often ingenious, sometimes widely adopted and re- 
taken by the U.S.A., wherefrom they have* reappeared 
with new splendour. Nevertheless American agricul- 
ture due 1o the merit of monoculture*, its industrial 
strength and its dynamism, has carried farthest the 
mechanization in all sections. We shall now* exa- 
mine* successively the* general solutiems applicable to 
agricultural methods as a whole and then to indivi- 
dual solutions pertaining to the principal cultivations 
and r carings. 

The General Works on Lands 

The preparation of the land, indispensable te> 
every eultixution, has as its aim, by mellowing and 
crumbling the ground, to aerate and activate the life 
of the nitrifying bacteria; to keep the soil open for 
w ater and to hold it firmly with the help of its spongy 
structure; to increase the absorbing power of the soil 
to manures; to destroy the weeds and prepare places 
for the seeds ensuring their deep rooting. To attain 
these ends, the whole mass of the superficial layer of 
soil is worked up by passing successively various 
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instruments. The method being old, it readily passed 
to motorization. Without altering their principles, 
they had constructed for the tractor, ploughs with 
share, cultivation harrows, cross-kills, rollers to which 
have been added sub-soil machines, trench drainers, 
ploughs, pulverizers with discs etc. The tendency 
has been to carry suitable equipments fixed on the 
chassis, which makes the tractor “all-purpose”, a 
precision^self propelling machine amenable to various 
uses. In the attempt to collect part or all of the opera- 
tions in a single passage the advantage of the driving 
power of the tractor is minimized and the results ob- 
tained become less perfect. So the instantaneous 
mechanical preparations were sought for. It has 
been achieved on the one hand by the roto-tiller , 
tho American version of “Phrase Rotatif” invented 
by M. do Meyenbourg and well known in Europe and 
on the other hand by the various American machines 
provided with an endless screw rotating with great 
speed; this is fixed on the plough to play upon the 
deep furrows laid open by tin* “Mould -board”. The 
earth thus treated by force is better dug than those 
ploughed by natural means; they take in clots. Another 
British conception is gt/rolillrr , plough provided at 
the rear by horizontal rotary discs armed with pick- 
axes, triturating the ground up to depth of 1 metre 
fFig. 3). 



Fig. 3. ‘Gyrotillftge , of ground. The ‘gyro tiller’ 
is a tructor with a plough provided at tho back 
of the horizontal discs armed with pick axes 
which triturate tho ground to a dopth of 
1 meter (Fowler). 

In the United States the reaction against labour 
is quite clear and the fight against tho earth is the 
cause. The practice is Stubble-mulch farming or sub- 
surface farming. This method recalls that of Jean 
de Bru, used in France in sub-mediterranean climates 
under identical conditions. Whole ver the procedures 
and the instruments, a single man with the help of 
a tractor do all tho agricultural works. 

The tractor being provided with a digger can 
also dig holes, corresponding to preparing tho ground 
for planting trees. The same result is obtained, not 

8 


more mechanically, by agricultural explosives which 
became common in France through Colonel Picdallus. 
It has got definite advantages, because it furrows 
the ground arround the hole facilitating uprooting. 
The oxplosive also helps in the reconstitution of tho 
eroded soil as has been demonstrated in tho regions 
of Algiers. 

Sowing 

Seeds are sown by spreading or in parallel rows 
by means of mechanical drills ensuring regular and 
constant distribution. Sowing in rows is more precise 
as seeds are thrown into the furrows which are dug 
to the required depth and covered with earth, the work 
being done by a single-operation; tho more regular 
raising of the plants brings on an economy of seeds; 
the subsequent reaping also becomes easy from a dis- 
tance of 30 cm. between the lines. The process would 
be perfect if the seed beds are sown with seeds, equi- 
distant and in rows. A drill made in U.S.S.R. would 
attain it by a curious method : a drum of sheet iron, 
perforated with holes having diameter smaller than 
that of the seeds, turns in the hopper; a depression of 
air is maintained in it so that a single seed is stuck 
at each hole functioning like a valve; at a certain point 
an obstacle exerting a pressure from the interior deta- 
ches the seed and lets it fall; thus mechanically, the 
seeds are placed one by one equidistantly, a w r ork 
which is impracticable by hand. 

But, for big areas, the sowing from the air can resume 
its importance if it is done by aeroplane or autogyro 
If the lighter seeds are required to be placed inside 
the ground at a certain depth, it is necessary to ballast 
them by putting a covering, so that they may strike 
the ground with a speed and a weight assuring their 
penetration. 7000 hectares have been thus sown re 
eently in U.S.S.R by aeroplanes flying at an altitude of 
20 to 30 meter and with a speed of 100 km. per hour. 

Fight against Parasites 

The cultivated plants, to give a capital yield should 
bo freed from weeds and protected from the attack 
of parasites, insects and cryptograms. The technique 
of combating the attack is applicable to different types 
of cultivations; it is mechanised by using weeding 
hoes (binots), pulverizers and powder spreading 
machines. For weeding, weeding hoes are only used 
in the beds where seeds are sown quite apart from 
one another, such as maize, beet, potato. If a precise 
work is required it is necessary that the hoe or light 
plough should correspond exactly to the drill utilized. 
This condition is perfectly realized with the all purpose 
tractors by means of a bar carrying implements fixed 
in front of the chassis, within the sight of the driver. 
Upon that bar, drills or weeding knives are placed. 
The most ingenious thing is that each drill is kept on 
working by tw-o cylindrical interchangeable hoppers. 
Y\ hen one is empty, the other kept full in reserve re- 
places it at a stroke. 

But henceforth equal distribution is adopted by 
means of pulverigators or powder-spreaders. This method 
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adopted by the Frenchman Rabate, consists of spraying 
mechanically a solution of 6 to 12 per cent of sulphuric 
acid at 35° Eaume at the rate of 1200 litres per hectare. 
It is applied to young cereals in spring and destroys 
the charlocks, waiUlowers, corn-poppies, etc. The 
selective action depends on the form of the lea\os 
and the texture of their epidermis: those of the cereals 
being narrow and smooth hold only a little quantity 
of the solution whereas the weeds having large and 
hairy leaves retain it and thus they are burnt, flic 
use of the ground sylvinite for weeding which is based 
on the same principle, has given rise to dustings. 
The artificial hormones, recently put to the point in 
England, if their success is confirmed, will bring 
a definite solution : the dusting is done by means of 
a simple instrument, a little quantity of hormone being 
mixed with 400 kg. of ground chalk for one hectare; 
the selective action is achieved by internal mechanism; 
all the plants absorb ‘through their roots the hormones 
which though indifferent to the monocotyledons put 
to disorder the vital functions of the dicotyledons. 

To destroy the insects and cryptograms, it is 
always chemicals which intervene in the form of solu- 
tions and powders; the mechanization is realized by 
pulverigators or powder-spreaders under pressure or 
air current. The apparatus are fitted wit li motors, 
tractors or they arc carried. For the fruit trees stationary 
machines are used provided with pipes and nozzles. The 
dusting as against the insecticides and fungicides is more 
specific and less injurious; it economises the transport 
of considerable quantity of water ; its effectiveness 
appears to be due principally to the electrification of 
the powders, which are thrown upon the plants and 
put electrically on the ground by their loots. 

In England a special autogyro provided with a 
powerful pulvcrigator, the Spraying Mantis , has just 
been experimented. It treats about 200 hectares 
per day. Nothing seems to oppose dustings and 
sprayings executed in the same way. Thus the prob- 
lem of protection of the cultivations against all their 
enemies, plants, cryptograms and inserts, which cannot 
be solved only by generalized and simultaneous treat- 
ments, needs a collective solution. 

Mechanization ok Cultivation 

We shall confine ourselves to the essential methods 
with reference to fodders, natural and artificial; corns; 
flax; beet-roots and potatoes only. 

The Fodder : For t he fodders the mechanization 
is wholesale. Their preservation is made by fanning 
or natural or artificial dessication, stacking and 
binding. Except in the first case, still quite common, 
the time factor is partially or totally eliminated. 
The ‘tractor-reaper' or the ‘machanized cutting 
bar/ the rotating or forked fan and the ‘ ratofane ’ 
first collects, then the mass-loader intervenes and 
lastly the ‘unloader* or the pneumatic lifter dis- 
charges the dry hay on the hayloft. In place 
of the loader the British and American practice is to 
use the pick-up baling , of which the recent belted 


models, without piston, roll the reapings into bales. 
In Switzerland some concerns dry the green hay 
in electric dryers. The sun-drying method permits, 
by converting the hay to three-fourth dryness to ob- 
tain in the granary a brown hay very much liked by 
the animals. For the collection of the grains, the 
green fodder is brought to tho grain collector which 
chops it and blows it out pneumatically. The diffi- 
cult loading of maize is eliminated by tho Americans 
by means of a machine carried in front of the tractor, 
which cuts, chops and pours the reapings in a motor- 
driven container running parallel with it. 



Fig, 4. The combine or 'Harvester Beater. 5 Worked 
by a single man, this machine cuts tho tips, heats and 
collet- ts tho straw in bales in the field and the grama 
are poured in ilio attached carrier (ITS. A). 

The Corns ; We know that the mechanization 
of cultivation of corns was first applied to grain dis- 
tribution. The ‘combine’ or harvest beater, is the 
instrument for reaping (Fig. 4). The straw is cut at 
regular levels, beaten at the end together with the 
busk and then poured in bulk in the field, after which 
the grains are separated, washed, dried up and poured 
in an attached carrier. The ntraw, formerly used 
to be burnt up, is now r collected for the cattle. This 
is done by the process of pick-v p baling . A rainy 
season modifies this tcchiniquc ; the corn is then 
cut by a mowing machine to such a height that it rests 
on a brush of straw isolating the cars (of corn) from the 
ground. The rough variety of straw' is to be separated. 
Then, wdien the sun’s heat is again available, the Tcm- 
bine’ from which the cutting bar has been replaced 
by the pick-up collects the thatch harvest and beats 
it. The ‘combine* lias gradually given rise to the type 
called all-crops which cuts not exceeding 2 meters. 
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It lias been adopted in family farms, which is treating 
the roots, peas, haricots, lentils, beans, oil seeds as 
well. But for the better exploitations, recourse is 
taken of the self-propelled types with frontal cutting 
strokes, which can go very close to the hedge, thus 
avoiding a considerable loss. In France the machine 
permits the straw to be bound up in bundle, making 
all the operations in a single passage. In England 
they mad«f an attempt to bring to the small holders 
the advantages of the ‘combine’ at the price of a reap- 
ing machine through the introduction of the ‘corn- 
picker’ (Fig. f>). The principle here is to beat the corn 
at the foot, without cutting it. As for the maize, 
the special reaping machine placed before the tractor 
collects its ears, disengages them from the leaves and 
pours them by transporters in a case (Fig. 6). The 
taking out of the grains mechanically is effected only 
after drying. 


' S'.'. * 



Fig. 5 . Tlio reaping of cereals by ‘Corn-picker* in 
four rows. The five clutches of this machine pass 
betweon tho rows of corns, separate the grains with- 
out cutting tho plants and collects the grains in the 
carrier fixed at tlio back. Such a machine can reap 
more than 10 hectares of wheat per day. 

Flax : In the liar vesting of the flax the up- 
rooters fitted with a large number of belts are used. 
The stems pinched between the two tangent fly wheels 
tied to the belts are led to the binding machine. 
During the course of this movement, the roots are 
broken by traction. The tied up bundles aro laid on 
the ground; the fibres preserving their total length. A 
machine with identical principles is used to uproot 
the haricots; it differs from the above only in the 
absence of tho finder in the binding machine. 

The beet -root# : The mechanization of this crop, 


although much advanced is not fully achieved. It 
is not certain whether it will ever reach a stage of per- 
fection. The full production is only obtained from 



Fig. 6. Machine for reaping maize. This tractor 
moves between two rows of maize; the corns are auto- 
matically pulled, cut, removed of leaves and poured 
in a cart which is replaced immediately as soon as fille 1 
up (U.S.A.). 

isolated and equidistant plants, the cultivation not 
entailing gaps. Now the beet-root seeds have the 
peculiarity of being mono or poly-germinal in variable 
proportions. Therefore seeds sown even equidistant 
to each other do not solve the problem because it can 
give rise to one, two, three or even four plants at a 
time. The mechanical and scattering transplanta- 
tion gives a sure result only in certain rainy climates. 
The preparation for the growth of plants is a big task, 
and can only be done manually. Three methods are 
used to remove this difficulty : (/) selection of mono- 

germinal seeds, which is a prolonged work of uncertain 
results, (ii) the segmentation of the seed as practised 
industrially in the U.S.A. with relative success, (Hi) 
the preparation of mono-germinal seeds obtained by 
husking the grains and covering them in an artificial 
gauge. But the single grain or mono-germinal seedling 
is faced with two obstacles: the seeds grow better in 
groups than in isolation; the risk of losing is not excluded. 
The separation again is effected by hand, which in 
extreme cases is eliminated through the employment 
of segmented grains. 

The American farmer sows nearly in continuous 
lines, places the plants at equal distance while weeding 
by hoe; tho tractor moving perpendicularly on the 
ground keeps them aloof from one another by cutting 
or pulling out the beet roots which are present in excess. 
At this stage the digging machine of a Frenchman 
Mr. Forte promises considerable service. This machine 
i> characterised by the possession of a ‘sense’ as it 
were. It was in the first version of it achieved by a 
photocell, but Mr. Forte substituted a “brine tester’’ 
in its place. It is realised by a metallic “finger’, mois- 
tened by ail electrolyte and kept in tension. The 
circuit is closed when Ihe finger ('liters into contact 
with the leaves of a beet root, and it results in the ins- 
tantaneous lifting of the blades which saves the plant* 
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The machine is regulated by automatic ‘adjusters’; 
the ‘brine- tester* in case of need starts the lifting at 
the contact of the first beet root encountered. There- 
after, the mechanism repeats. 

The mechanical uprooters are quite useful, but one 
experiences difficulties in many French soils, generally 
the heavier ones. In U.S.A. use is made particularly 
of the ‘up-rooters’ working in one or sometimes two 
rows. The roots removed by the plough shares arc 
held by pincers and are trimmed, to prevent sprouting, 
by means of a rotating disc and they fall in the elevator- 
transporter which cleans them and pours them in the 
carrier of the truck running by the side of the up- 
rooter. In France, although the first experiment 
of .Mr. Moreau made in 1912 is now backdated, it was 
never so popular. The up-rooters, operating 1, 2, 

3 and oven rows, are well distributed. The principles 
involved are identical, but the trimming accompanied 
by the separation of the ‘greens’ is still effected beforo 
the tip-rooting by oblique or a rotating knife, operating 
at the desired height by a ‘feeler’ sliding or rolling on the 
top of the roots. These are grouped in rows mecha- 
nically and a pick-up loader collects them and fills 
in the container attached to the vehicle. 

The Potatoes : As for potatoes which reproduce 
by tubers, the first machine is the ‘planter’ which 
distributes them on the ground at constant depths 
one by one, at regular intervals. Numerous inventors 
have tried to solve the problem. The semi-automatic 
planters are perfect, but they require, on the seat for 
each row, a man who places one tuber in each socket 
of the distributor. The two difficulties to realise 
complete autonmtisation here are double tubers in the 
same socket and the empty sockets. The mechanical 
separation of the plants with the help of the ‘Oallibrated- 
Assorter* helps very much in the working of some of 
the automatic planters which are perfect, in this respect. 
The digging and earthing up arc made by means of hoe. 
The ‘up-roofers’ are to the point, their share lifts up 
the earth containing the tubers; the latter are extracted 
by sifting, by means of rotating blades or rolling trans- 
porters (Fig. 7). Some machines dry them up and 
realise all the operations at a single passage. But except 
the light and dry earths, it is preferable to leave the 
tubers in lines exposed to air. As with the beet roots, 
the work in heavy soils increases the difficulties. 

The Mechanisation of Rearing of Cattle 

All types of rearing call for general problems of 
feeding, lodging and hygiene, to which are added the 
milking of milch cows and the furring of lambs. 

The summer feeding is principally done by grazing. 
In fencing of the passages, meadows, fields, etc., the 
supports are rapidly planted with the help of a digger. 
The electric fencing brings in a simple and economical 
solution by reducing the number of metallic wires to 
one only. A transformer fed by a battery gives at 
a high voltage a feeble current to the fencing wire; 
the animal coming in contact with the wire, closes 
the circuit through the ground and is badly shaken. 


After some experience its instinct makes it avoid intel- 
ligently all the wires, even those not charged. The 
winter feeding is done in the stable. A logical dis- 
position of the buildings containing the foodstock and 



Fig. 7. Heaping of potatoes. A reaper which liftw 
up tho oarth containing the tubers and c* loans them 
by sifting;. They arc then collected and put in hags. 

The machine lets these fall at regular intervals. 

the stables simplifies the work. The wire fencing, with- 
out which the Americans do not think of rearing, is 
less employed in France. Because of the advantages 
already obtained from previous mechanised operations 
tho only operation which remains is tho distribution 
of the food. For the preparation of the rearing ground 
numerous motorized machines intervene; root-cutters, 
beet up-rooters, straw- choppers, pulp-mixers, cake brea- 
kers, grain -crushers, mill, fodder-pressers, fodder-chop- 
per, etc. 

Tlic** cooking of food for pigs which is indispens- 
able is done by electric ovens. Where there is no public 
distribution, the use of motor pumps ensures individual 
automatic water supply, increasing the output and 
considerable economy of time. Water under pressure, 
in buildings provided with drains and proper flooring, 
permits daily washing and maintenance of excellent 
hygiene. 

The electro-pneumatic milking machine with 
intermittent strokes eliminates a manual work which 
generally annoys the workers. The results are perfect 
specially with the types with long and soft nipples. 
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The milk, drawn in absence of air and soiling agents, 
is clean and healthy, provided the organs are disin- 
fected after each operation by slightly chlorinated 
water. The saving of time is appreciable because of 
the possibility of milking simultaneously 3 to 4 animals 
at a time. The machine is used oven in small farms 
with 5 to fi cows. They are made in definite models 
suited to stables and the rolling permits operation on 
ground. * The animals are easily habituated to the 
method of milking. Tn U.S.A., in extreme cases, the 
rotolactor is available. This is a cellular rotating 
plate, equipped with milking machines with disin- 
fecting arrangements and warm douches for the ani- 
mals. It can tackle 250 cows per hour. 

The mechanization of furring of lambs, first intro- 
duced in Australia, is done by motorised units. Now 
this has spread more or less throughout the whole world. 
The specialist has to intervene here also, as it used to 
be before mechanisation, but now this is done with 
much speed and the fleece is very much improved and 
properly graded. 

The Treatment of Fertilizers and Fertility 
of the Soil 

The indispensable restitution, compensating loss 
and exportation, applies to ail soils and for all cul- 
tivations. It is done in three forms : (i) from vegetable's, 
the short-cnt method; (it) from animals, by confining 
them in stables; or (tit) by the use of artificial fertilisers, 
organic or mineral. 

'Idle restitution in the 'short-cut method' does 
not show apparent benefit. It is effected by the ‘Orcon 
manures’. When a piece of land lies fallow for more 
or less a long period, a crop is sown, preferably a 
leguminous one. Before the pods are formed they 
are put under the plough after being embedded in the 
ground by a roller. The losses by infiltration are 
avoided; a gain of nitrogen is obtained; the distribution 
of the nutritive principles of the soil are not modified 
but present itself in an assimilable organic form genera- 
ting humus. 

When the animals graze on this fodder, they gain 
either flesh or milk. The restitution of the soil is 
achieved further by a short-cut through the animals. 
It is effected by the excretions which are not removed. 
If the animals are placed in stables, they also gain 
flesh or milk, the product of the farmer, and the cir- 
cuit is prolonged. This production is indispensable, 
because in contrast to the preceding system, it per- 
mits the removal of the elements from the soil and 
allows accumulation where they become more useful. 
If the number of animals is insufficient recourse is taken 
to ‘artificial fertilizer’, by watering and fermentation 
of straws; for each ton of straw, there must be 2500 
litres of water and 5 kgm. of nitrogen and 25 kgm. 
of ammonium sulphate, Mechanization will rapidly 
intervene here! There already exists a “preparator 
of artificial fertiliser”, which disintegrates the bales, 
waters the straws, fixes nitrogen by its passage through 
a nitrogeneous solution; after 80 days of fermentation 
a homogeneous substance is obtained apparently 


identical with natural fertiliser. It now remains to 
be known whether in course of time new substitutes 
will be discovered. 

For the natural fertilisers, the collection and 
treatment are facilitated and improved by cleansing 
the stable grounds, establishing gravitational drains, 
constructing rationally the fertiliser-godown and its 
drainage, using single rail transport driven by motor 
and the use of motor- pumps frequently watering the 
putrified mass. The loader is used in America for 
loading the vehicles. This implement is adopted for 
the all-purpose tractor: two lever arms making a bridge 
from behind serve to form the hood; they are over- 
lapped in front and terminate into a balancing hamper 
provided with sharp projections; a hydro-electric 
or mechanical driving wheel puts the lever in high 
or low position; the hamper shaves the ground and 
the conductor driving forward penetrates into the 
heap bifurcating it. Then bringing the. lever in high 
position and the conductor driving backward for 
a quarter turn on the place and bringing the blades 
just above the hold of the vehicle causes displacement. 
This vehicle is a mechanised manure spreader , which 
oil advancing brings the charge of the manure on the 
spreading cylinder. 

The introduction of organic or mineral matters, 
whether compensatory or beneficial, are achieved by the 
cakes and the fodder which are again obtained partly 
from the manure. For the soil fertilised with putrified 
vegetable manure, the mechanisation should be supple- 
mented by the use of loader and manure spreader. 
For commercial manure, the complementary role of 
which is imperative and precious for correcting the 
deficiencies of soil and to increase the efficiency of the 
fertilisers, the probems of mechanization were solved 
long ago by breakers, mixers, and the spreaders. With 
the help of tractors, the work can be speeded up by 
attaching to the spreaders interchangeable systems 
which carries the reserved manure in bags or in tins 
on a platform, permitting reloading, when in motion. 

Unsolved Problems 

Mechanisation in agriculture has thus been ad- 
vanced very for. Either for technical difficulty, or 
for biological reasons not an inconsiderable number of 
problems have still remained unsolved. The separa- 
tion of the beet roots is an example to the point. The 
machine, although selective, can operate only in simple 
homogeneous soil. Although the Americans had ex- 
perimented in Oregon with fdhert-hervestor, a giant 
aspirator which collects the nuts, in California they 
are still plucking their apples by hand, it is odd looking 
to see a machine entering an orchard for making opera- 
tions such as plucking, selecting fruits amidst foliage 
or gathering grapes ! The idea of quality of the pro- 
ducts first, which is gathering more importance, and 
the principal biological necessities for the continua- 
tion of the cultivation,, oppose each other. However 
advantageous the machine may be, it loses its merit 
at the moment it enters into competition with bio- 
logical necessities. 
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THE SCIENTIFIC ACTIVITIES OF 

ACHARYA JAGADISH CHANDRA BOSE* 

D. M. BOSE 

BOSK INSTITUTE, CALCUTTA 


ftflR. President, members of the Indian Radiologi- 
cal Congress, ladies and gentlemen. I have first to 
express my deep gratitude for the honour you have 
conferred on me by asking me to give an introductory 
talk on the life and scientific activities of my uncle, 
Acharya dagadish Chandra. Bose, as an introduction 
to the delivery of a Memorial Lecture by l)r. Barclay 
of the Nuffield Medical Research Institute, Oxford. 
From my boyhood days 1 have been an interested ob- 
server and at times a participant of his many sided 
scientific activities, from bis pioneer short electric 
wave investigations commencing from 1894 to his 
later well known plant physiological researches. Since 
his demise on 23rd November, 1937, the responsibi- 
lity of directing the Institute has devolved on me, 
which has given me the opportunity of making a dose 
study of his scientific researches. 1 hope soon to 
publish a monograph on the relation of his plant phy- 
siological researches to modern biological knowledge. 

The distinction of having a Memorial Lecture 
founded in bis name by your society, rests on some 
more concrete grounds than in your desire to honour 
the memory of a distinguished indian pioneer in phy- 
sical and biological researches, famed for his rare 
experimental skill and capacity for construction of 
compact sensitive instruments and automatic recorders. 
He was essentially a biologist in Mr outlook, who even 
interpreted his physical discoveries in terms of biolo- 
gical concepts and intuitively followed the line of in- 
vestigation which formed a bridge between responses 
in non-living and living systems. 

He was, I believe, the first person in India to re- 
produce Roentgen's discovery in 1895, of the genera- 
tion of X-rays in a cathode ray tube. Heading a 
newspaper account of Roentgen’s discovery, Bose, 
thou Professor of Physics in Presidency College, Cal- 
cutta, set a young research assistant Nagendra Chandra 
Nag, who later became the Assistant Director of the 
Bose Institute, to prepare Barium Platinocyanide 
screens with which lie took X-ray photographs of diff- 
erent objects, like a human hand, coins enclosed in 
a purse etc; some of them were' reproduced in a juve- 
nile monthly ‘Muki/V for which he used often to write 
popular articles on scientific topics in Bengali. Later 
on,, when he became immersed in his plant physiolo- 
gical) investigations and discovered the similarity of 
reactions produced by different alkaloids and anaes- 
thetics on animal and plant organs, the opposite effects 
of minute and ordinary doses of such drugs on plant 

♦From an address delivered before the Indian Radiological 
Congress on 25th December 194S and roprinted from the Indian 
Journal of Radiology . 


tissues, he was invited to give an address on tin's sub- 
ject before the Royal Society of Medicine. Sir Lauder 
Brunton, the well known physician and contemporary 
of Charles Darwin, after attending this lecture wrote 
to J. 0. Bose, “All the experiments 1 have yet seen 
are crude in comparison with yours, in which you 
show r what a marvellous resemblance there is between 
reactions of plants and animals. Much light would 
be thrown on the action of drugs on animals by using 
your method.” Bose also delivered similar addresses 
before the Hahnemann Society of England. My 
uncle at one time had investigations carried out in his 
institute on the possibility of producing antibodies 
in plants inoculated with virulent bacteria like ty- 
phoid etc. This investigation was not however suc- 
cessful. 

After giving a short account of his early life and 
education at home and abroad, of his activities as 
Professor of Physics, Presidency College, Calcutta and 
of the events following his retirement from Government 
service which led to the foundation of the Bose 
Research Institute, the lecturer proceeded to describe 
J. C. Bose’s scientific activities. 


Scientific Activities 

Turning to J. C, Bose’s scientific activities, we 
find that for the first ten years he was chiefly engaged 
in his teaching work and in the pursuit of scientific 
hobbies. At one time he used to go out during tho 
holidays accompanied by Lady Bose and armed with 
a full sized plate camera, to places of archaeological in- 
terests or of some natural beauty. Probably the read- 
ing of Cunningham’s and Rajendralal Mitra’s books 
had aroused his interest in the arch geological rem- 
nants of the former greatness of his country. He 
also was probably the first in this country to import 
in 1892 one of the early models of Edison’s phonograph, 
with which he used to record the voices of w^ell known 
singers and distinguished personalities. 1 have men- 
tioned before his interest in Roentgen’s discovery of 
the X-rays. It is not known what induced him to give 
up his scientific hobbies and to take up serious research. 
Probably Lady Bose influenced him in this direction. 
In one of his lectures he mentions that on the 36th 
anniversary of his birthday in 1 894 he took the resolve 
to seriously take up scientific research. Considering 
the primitive equipment for instrument making and 
absence of atmosphere conducive to research then 
prevailing in the Presidency College, Calcutta, his de- 
cision must be considered very remarkable. His re- 
search activities, extending from 1894 to 1937, can 
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bo divided into three periods. In each of these periods 
his efforts were directed towards the solution of prob- 
lems lying in the border land regions of sciences. 
During the first period from 1894-1899 ho was trying 
to produce the shortest of the then possible wavelengths 
of electromagnetic radiation, and to measure their 
quasi optical properties by means of an ordinary op- 
tical bench arrangement. 

The second period, extending from 1899-1904, 

* began wflth his study of tho fatigue effect in metallic 
coherers used for detection of electric waves, from 
wdiich he went over to the study of other inorganic 
systems which exhibit, under different kinds of phy- 
sical stimulation, responses analogous to those exhibited 
by living organisms. This led to his famous genera- 
lisation on the similarity of responses in the living 
and tho non-living. The third period starting from 
about 1905 was concerned with plant physiological 
investigations, where ho tried to establish the simi- 
larity, if not the identity of response to stimulation 
exhibited by animal and plant tissues. 

First period 

It will be remembered that in 1865 Clerk Max- 
well formulated his epoch making theory, that light 
waves are of electromagnetic nature propagated through 
space with a velocity V, which is equal to the ratio of 
tho two systems of units in which electric resp. mag- 
netic quantities are expressed. This theory found 
experimental verification in 1887, by Hertz’s produc- 
tion of electromagnetic waves of wave length 5.5 me- 
ters, whose optical properties he was able to determine 
by means of very large sized parabolic reflectors and 
prisms. Tor the detection of such waves Hertz had 
used a loop of copper wire, with a minute spark gap. 
Branly had shown later that these waves could also 
be detected by measuring the change of conduc- 
tivity which a tube containing metal filings suffered 
by absorption of such waves. Bose by reducing tho 
dimensions of his wave generator system, was able 
to produce radiation of wave length of the order of 
5 mm., which is about 1/10,000 that of Hertz’s wave. 
Tor purpose of comparison 1 will state that the wave 
lengths of visible light, of soft X-rays, and of hard 
y-rays are of tho order of 10 °, 10~ 7 and 10' 10 cm. 
respectively. 

By reducing tho wave length of his radiation 
Bose could considerably reduce tho dimensions of his 
optical appliances. He could focus his radiation by 
means of a small spherical reflector, polarize it by means 
of wire grating, study its indices of refraction in air, 
water, glass, pitch, sulphur, show how its plane of 
polarisation could bo rotated by passing it through a 
a bundle of twisted jute fibres and so on. Bose’s 
compact portable apparatus for the study of the pro- 
perties of electro-magnetic waves w r as very much ad- 
mired, when he demonstrated it at different centers 
of research in England and in western Europe. Many 
text books and monographs described in detail his 


apparatus, including J. J. Ihomsons well known book 
on ‘Electricity and Magnetism’, his article in- the 9th 
edition of tho Encyclopaedia Britanniea and Poincare’s 
book on electric waves. Investigations on tho centimeter 
wave length region of e.m. waves remained in compa- 
rative oblivion lor the last fifty years, and they have 
come again into importance during the last war, when 
the technique of production and detection of such waves 
were developed to an extraordinary degree, in connec- 
tion with the radar method of detection and intercep- 
tion of enemy air planes. The use of the shortest 
possible e.m. waves in which the maximum output of 
energy could be concentrated became of supreme im- 
portance for this purpose, first it enabled the construc- 
tion of portable reflecting systems concentrating the 
radio beam to follow the track of the enemy air 
planes, and secondly the short wave length used 
enabled the incident waves to be reflected to an 
appreciable extent from the Surface of the enemy 
planes. Profs. M. X. Saha and S. K. Mitra after return 
from their tour in the U.S.A. in 1945, informed me 
that in many university laboratories where radar 
personnel were being trained, apparatus similar to that 
developed by J. C. Bose were used for practical ins- 
truction. The measurement of the absorption of these 
centimeter waves by the constituents of the atmosphere 
like Oo, N f , CO, water vapour and other substances 
became ol great importance. These recent measure- 
ments have verified some of those made by Bose 
with similar substances. The important advances 
in the present day technique has been in the generation 
of extremely powerful pulses of centimeter waves of 
nearly monochromatic frequency, while Boses generator 
emitted only feeble damped waves; otherwise the 
principles employed have not altered very much. Bose 
had employed amongst other detectors crystals like 
galena. At the present time it has been found necessary 
for the detection of such extremely short waves again 
to use iu the first stage of the detecting unit, crystal 
detectors of different kinds, of which the most useful 
are thoso of silicon and germanium. A new line of 
investigation on the absorption and emission of such ’ 
microwaves by nuclei, atoms, molecules and crystals, 
have been opened out by peaceful application of micro- 
waves, and already several results ol first rate theoreti- 
cal importance have been obtained. 

Second period — Besponse in the living and 

THE NON-LIVING 

This was initiated during Boses investigations 
with the coherer which in the form devised by Branly 
consisted of metal filings, which under the absorption 
of electric radiation cohered together and thus in- 
creased in conductivity. Bose investigated a large 
number of metallic and semi-metallic substances and 
found that coherer action arose at the places of contact 
between different pieces* of metal filings forming the 
coherer, i.e., it was a skin effect for which ho coined 
the name ‘electric touch* using the last word as equi* 
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valent to the Sanskrit word 1 iwach * — skin. He found 
that with constant use the coherers showed signs of 
fatigue and given some rest they recovered from fatigue. 
He simplified the design of coherers and in the latest 
form of apparatus which we still use in the Institute, 
the receiver takes the form of a single contact between 
a fine metallic point resting on a metal plate, the 
materials used for the purpose are steel, nickel mag- 
nesium, and other metals. 

Having studied the metallic coherer whose conduc- 
tivity increases on absorption of e.tu. radiation, Bose 
continued his investigation with other detectors of 
radiation like the crystal galena whose contact 
resistance diminishes with absorption of radiation, 
ranging from micro electric waves to ultra violet light, 
with semi conductors like selenium which change their 
resistance during light, absorption, and photoelectric 
cells made of silverplates activated by exposure to Bro- 
mine vapour etc. 

At present this class of semi conductors including 
crystals like galena, metalloids like silicon, germanium, 
selenium, topper oxide films deposited on metal bases, 
are used for rectification of alternating current, of 
frequencies ranging from say » r >0 per sec., to that of 
micro waves anti of visible light; some of these substan- 
ces have important, application in the recent attempts 
at industrial conversion of solar energy to electrical 
power. Another recent development of Bose’s discoveries 
is based on his last form oj coherer, consisting of a sharp 
metallic point resting on a crystalline metal surface ; 
this has the additional property of rectifying e.m. 
radiation impinging on it, and thus has a function 
similar to that of a diode valve like Kenotron so familiar 
to Radiologists. Recently an adaptation of it has been 
reported from the Bell Telephone Co. It starts as an 
arrangement of a fine wire electrode resting on a surface 
of a germanium plate, and used for rectification and 
detection of high frequency e.m. radiations ; if now 
an additional wire electrode is made to touch the upper 
part of the germanium plate very near the first one, 
and a constant voltage is maintained between the plate 
and the second electrode, then it becomes equivalent 
to a triode valve, in which the first wire plays the role 
of a grid electrode. The arrangement can be used to 
detect, and amplify feeble a.c. currents, as well as to 
generate high frequency oscillations. Ibis simple 
arrangement, denoted Transistor, promises to replace 
the glass triode valves in many circuits. 1 have given 
this account of the recent developments in the technical 
application of semiconductors to show how they were 
implicit in Bose s investigations of half a century ago. 

The results of these investigations on the change of 
conductivity of contact resistances, the e.m. f. generation 
by absorption of short electric waves and of light, were 
considered by Bose as part of the general phenomena 
of response of inorganic substances to stimulation. 
Starting with Waller’s dictum that in living tissues, 
the most delicate and universal sign of livingness is 
electric response to stimulation, Bose enquires whether 
inorganic models may not also be devised which will 


satisfy this criterion. In this way he was able to 
construct models in which mechanical and light stimuli 
produce electrical responses. The proportionality 
which exists between intensity of stimulation and elec- 
trical response, the gradual appearance of fatigue 
in response after repeated stimulations, from which 
the system recovers after it is given sufficient rest, 
the increase of response on treatment with one set of 
chemicals and its inhibition by another set, are similar 
to what occur in living tissues. I shall describe here 
only one of his models; it is made of two wires of pure 
tin, whoso low er ends are clamped to an ebonite block ; 
the upper ends pass through an ebonite disc, and are 
joined through binding screws to the two terminals 
of a sensitive galvanometer. The arrangement fits 
into a cylindrical glass vessel, filled with distilled or 
tap water. On giving one of the tin wires a sharp 
twist, an electric current flows from the wire through 
the galvanometer system. The amplitude of response 
is enhanced when a small quantity of sodium bicar- 
bonate is added to the distilled water ; on the other 
hand if oxalic acid is added to the water the response 
is totally abolished. Many of the effects observed in 
animal tissues under stimulation viz., the opposite 
effects of small and large doses of a chemical poison 
etc. can be obtained with this model of Bose. In 
a lecture delivered before the Royal institution, London 
in J 901 , Bose after showing a series of parallel experi- 
ments on the similarity in response shown in living and 
non-living systems, ends his lecture with tho remarks 
“Amongst such phenomena how can we draw a line of 
demarcation and say ‘here tho physical process ends 
and there the physiological begins ? “No such barrier 
exists. Do not the two sets of records tell us of some 
property of matter common and persistent. Do not 
they show that the responsive processes seen in life 
have been foreshadowed in non fife, that is the physio- 
logical is after all an expression of the physicochemical 
and that there is no abrupt break but a continuity?” 

Later investigations on plant responses, where he 
tried to show the similarity if not identity of responses 
shown by plant and animal tissues under stimulation, 
Bose had to make some distinction between physio- 
logical and purely physicochemical response shown by 
living tissues. 

Bose himself was not quite clear as to the real 
seat of the electromotive response produced in the 
tin wire system under mechanical stimulation — at one 
time he thought it to be at tho surface of separation 
between the tin wire and the electrolyte — this can explain 
the difference in the e.m.f. produced under constant 
stimulation, when the distilled water in which the wire 
dips is replaced by dilute solutions containing NaHCO s 
resp. oxalic acid. Later he thought it was duo to 
molecular strain induced in the twisted wire itself. 
I shall describe two other inorganic models illustrating 
response of living systems, in which it is clearly estab- 
lished that a passive layer formed on the surface of a 
metal dipped in an electrolyte is responsible for such 
response effects. The first is the famous iron wire 
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model of Lillie (i 920-1936) wliieh has its starting point 
in an observation of Ostwald in 1900. Wires made 
from specially pure iron, when dipped in strong nitric; 
acid (sp. g. 1.4) enters into a passive state shown by 
its surface taking a bright metallic lustre. If however, 
it is touched by an active iron or by a zinc rod, a 
local action accompanied by effervescence and a darken- 
ing of the metallic lustre spreads rapidly over the wire 
from end to end; the local action ceases after one or 
two seconclfc and the metal reverts automatically to 
the passive state. An electric disturbance accompanies 
this process and can be recorded by a string galvano- 
meter. With such a system Lillie demonstrated a 
correspondence in the most unexpected details between 
the excitation of nerve and the activation of passive 
iron. Bonhoeffer, the well known physical chemist 
who has been during recent years making an analysis 
of the activation phenomena, remarks k it is indeed 
most astonishing that iron win* and nerve, which from 
the chemical point of view differ so enormously, function 
in such a similar way. It does not seem credible that 
the various functional properties in which the two 
systems resemble each other could be independent 
or show such accidental similarities. The existence of 
a threshold of activation, of a refractory period, of 
a transmission of activation, of a tendency to give 
rythmic reactions and a suggestion that the so called 
accomodation effect, are not missing in the model, 
indicate that all these properties, so uncommon in ordi- 
nary chemistry, are in some way related to each other.” 

The other model which I shall refer to is that 
of Bredig (1903), illustrating the rythmic pulsation 
of an animal heart. It is based upon the decomposition 
of hydrogen peroxide when spread over the surface 
of a mercury drop. When the peroxide solution is 
slightly acidic a stable golden brown film is formed 
on the mercury surface - this corresponds to the inacti- 
vation of the tin wire in Bose’s model by dilute oxalic 
acid. At an appropriate degree of alkalinity, the 
film is stimulated to activity shown by its alternate 
breakdown and reformation with the evolution of 
oxygen; this is aecompained by rythmic alteration 
of the shape of the mercury drop, due to variation 
in its surface tension, and of a propagated electric dis- 
turbance on the surface. This state corresponds in 
Bose’s model to making of the acjuous solution in which 
the tin wire dips slightly alkaline by addition of sodium 
bicarbonate. These reversible films formed on metal 
sufaces, correspond in the living system to the plasma 
membrane forming the outer boundary of living cells, on 
whose both sides are present electrolytes w ith different, 
ionic concentrations. The whole group of response 
phenomena shown by living systems, under chemical, 
electrical and mechanical stimulations, depend upon 
the change in conductivity and of ionic permeability 
of this plasma membrane, which is accompanied by an 
alteration of the resting bioelectric potential. This 
local change in bioelectric potential is propagated 
along cell surfaces especially of nerves as excitation 
current. 

4 


Tho similarity of response to stimulation exhibited 
in inorganic models is due to its make up of a conducting 
metallic core separated from a conducting electrolyte 
by a layer on the surface of the oore in a passive state. 
The latter breaks down reversibly under mechanical, 
chemical and electrical stimulations resulting in produc- 
tion of local currents between the intact and decomposed 
portion of the surface film . Bose was not familiar with 
the contemporary physico-chemical investigations 
carried out by men like Ostwald, Bredig and their 
schools, and was therefore unable to undertake a correct 
interpretation of these borderline investigations of his. 
While his western contemporaries designated them as 
inorganic models of some properties of Jiving systems, 
Bose with his pantheistic back ground saw in this 
similarity an evidence that ‘the responsive processes seen 
in life have been foreshadowed in the non-living’. 

Plant physiological investigations 

From this study of the border land region separating 
organic from inorganic response phenomena Bose was 
led to investigate plant responses, which again represent 
a border line region in the study of the highly organized 
and differentiated animal organisms. Bose starts with 
the assumption that in plant as in animals the underly- 
ing protoplasmic matter lias the same fundamental 
properties of irritability, contractility, conductivity and 
rythmieity. In the highly organized animal organisms, 
some of these characteristics are specialized in one or 
other of the tissues e.g. contractility in the muscle 
system, conduction of irritation in the nerve system, 
and rythmieity in the heart muscles. The tissues in 
the plant have never reached anything like the same 
degree of differentiation as in animals, it is only in a 
general sense that it is possible to apply the terms 
muscle’ and ‘nerve’ to the contractile and excitatory 
(issues of the plant. 

Bose in the course of his investigations selected 
three plants in which one or other of the three functions 
are specialized. For, example, the lateral leaflet 
of the plant Desm, odium gyrans , even when detached 
from the parent plant, and kept with its cut end dipped 
in tap water, continues to execute regular gyratory 
pulsations of periods varying between 2 to 4 minutes, 
depending on the age of the leaflet, temperature etc. 
These leaflets, like animal hearts, are myogenic i.e. the 
part originating and regulating its pulsations lie in the 
leaflet and the latter is very little influenced by stimula- 
tion applied to the rest of the plants. Application of 
cold, of chemicals, of stimulants and depressants, in- 
fluenced its activity in a similar manner as when applied 
to the isolated animal heart. The pulvinus and leaf 
svstem of the sensitive plant Mimosa pudica behaves 
under stimulation in a manner analogous to that of 
n nerve muscle unit. Stimulations, thermal, mechanical 
or eleetrical in nature, applied to the stem is conducted, 
principally in the form of. an excitation current, with 
well defined velocity, which on reaching the pulvinus leaf 
system causes the' collapse of the pulvinus and closure 
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of the leaf system. Many of the characteristics of 
response to stimulation shown by innervated muscles, 
can be shown in a pulvinus leaf systems of mimosa 
plant, like summation effect, stimulation by constant 
current, repetitive responses to strong stimulation, the 
influence of direction of flow of a small constant current 
in enhancing or abolishing the mechanical response of 
the pulvinus to stimulation, the reversible depression 
of conduction of excitation by means of cold, by 
anaesthetics like chloroform and ether, and its abolition 
by poison. 

Jn another plant Biophyt/um wnxitivum, the all 
or none response to stimulation and repetitive response 
to strong stimulation characteristics of skeletal muscles 
are illustrated. 

Bose has shown how by using delicate high magni- 
fication recorders, the mechanical reap, electrical 
responses of the so called insensitive plants could be 
measured and they are found to obey similar laws, 
tn addition to the response of plants to these artificial 
modes of stimulation, the plants are subject to conti- 
nuous environmental stimulations, like gravity, varia- 
tion of temperature, of light intensity, humidity, 
irrigation of the roots etc. These result in responses 
of the plant in the form of growth, ascent of sap, tropic 
movements, like the opposite bending of the stem 
and root system of a plant under gravity when placed 
in a horizontal position, called geotropism, the bending 
of a plant stem towards light called phototropism, 
the twisting of a grow ing stem round a support called 
rnechanotropism . He has shown that all mechanical 
responses shown by plant organs are accompanied 
by a corresponding electrical disturbance; even where 
the former is absent, the electric response is always 
present. Further even in the anomalous mechanical 
bending of plant organs in geotropism, the direction 
of the electric held relative to the bending remains the 
same. It is always directed from the convex to the 
concave side. By means of the electric probe w hich w as 
first introduced by him in physiological research, he has 
tried to localize the particular layers in plant organs 
responsible for a particular activity. For example, 
in the petiole of Mimosa pudica, he identifies the 
phloem as Mu* channel which is responsible for the 
transmission of excitation from the pulvinus to the 
deaf system. In young plants, he has localized a geo- 
perceptive layer, and lie has tried even to localize 
in the stem of other young plants a layer through which 
sap is flowing and by whose pulsatory activity water 
is propelled from the root to Iho stem and leaf system, 
Le, lie postulates a mechanism which plays a role ana- 
logous to that of the pulsating heart in the circulation 
of blood in animals. This last finding of Rose lacks 
independent experimental verification. 

Bose attempts to interpret all the phenomena 
associated with the response of plant organs to environ- 
mental and artificial stimulations, in terms of a few' 
general laws which can be staled as follows*. The 
act of stimulation is transmitted from the place of 


application to that of response by two kinds of impulses, 
viz . as a protoplasmic* excitation which gives rise to 
a mechanical response of contraction and an electrical 
one of galvanomctrie negativity; the other is of a 
hydro-mechanical nature giving rise to an erectile res- 
ponse and an electric one of galvanometric positivity. 
Whether the positive response will predominate over 
the negative one will depend on the conductivity of 
the intervening tissue, the distance of the place of res- 
ponse from that of stimulation and also on tne intensity 
of stimulation. In general with poorly conducting 
tissues weak stimulation and over large distances, the 
positive hydraulic impulse predominates over the 
negative excitatory one. Bose made a very ingenious 
attempt to interpret all the various modes of plant 
response, including growth, ascent of sap, and tropic 
movement from these few general principles enunciated 
by him. It cannot be said however that he has been 
always successful. For one thing he did not take into 
account the chemical processes which intervene between 
the act of stimulation and the resulting response, and 
which supply the energy of the responsive movement. 
To give some examples, he assumes that, the spontaneous 
pulsations of the leaflets of Desmadruvn gyro ns is due 
to continuous stimulation received by the plant from 
its sourrounding, without specifying how T the energy 
of stimulation is stored up in the plant. It. has been 
found later that the source of energy of pulsation is 
derived from the breakdown of carbohydrates formed 
in the leaflet by photosynthesis. In the case of tropic 
movement of plants, it has been found that certain 
plant auxins act as chemical mediators in the metabolic* 
processes resulting in the curvature of the plant 
organs. In every case however the direction of the 
bio-electric field determines the direction in which the 
plant organ bends. The transmission of physiological 
excitation in mimosa plant is not a purely physical 
process but a physicochemical one, with which an 
irritability substance is associated. It is very interest- 
ing to recall that in the transmission of excitation in 
nerve muscle units, a chemical substance acetyl choline 
acts similarly as a mediator. Knowledge of the 
mechanism of the physicochemical process associated 
with the transmission of excitation in animal organs 
has helped to bridge over the controversy on 
the* physico-chemical nature of transmission of ex- 
citation in Mimosa. This arose from Ricca’s dis- 
covery in 1917, that an ‘irritability substance’ extracted 
from Mimosa stem when introduced in the cut stem 
end of a mimosa branch will produce the collapse 
of the pulvinus and closure of the leaf system. In 
favourable eases it can even give rise to multiple 
responses. It is also known that acetyl choline produce 
similar contractile activity when introduced in dener- 
vated muscles. 

Bose along with Lillie belonged to the generation 
of electro- physiologists, who attributed a supreme role 
to bioelectric potential and to its propagation as ex- 
citation current in controlling all biological processes 
including integration, growth, tropic movements, cell 
division etc. The study of the energetics of such 
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processes which are based upon chemical metabolism, 
their control by minute quantities of chemical subs- 
tances like hormones, vitamins and auxins, had not come 
into being during their period of active research. It 
must however be pointed out that in many living 
tissues the essential constituents of metabolic processes, 
the substrates and the enzymes which act on them, are 
)resent side by side, but it requires modification of 
ocal ionic concentrations induced by electric excitation 
either transmitted from a distant region or produced 
locally, to start or inhibit these chemical reactions. 

1 have attempted to give a consecutive account of 
the different periods of J. C. Bose’s scientific activities, 
to show how* from a study of coherer effect ho passed 
to investigation of the role of passive films on surface 
of conductors or semiconductors and crystals in the 
detection and conversion of electromagnetic radiation 
into electrical energy. Further study led him to the 
discovery of the similarity of responses in certain types 
of inorganic models to that found in living tissues. 
This again led him to the study of plant; responses. 
He remains still the greatest experimentalist modern 
India has produced. Prof. S. K. Mitra calls him the 
Indian Faraday. 


He was an intuitive thinker, who starting from 
certain inductively arrived principles, attempted to 
interpret deductively all his experimental results, but 
not always very successfully, lie suffered also from 
the disadvantage of not keeping himself abreast with 
current scientific literature. 

J , who have followed his experimental investigations 
and his theoretical interpretations of their results over 
a period nearing half a century, of which duriiig the 
last few years J have made a fairly close study, can 
say paraphrasing the words used by Rev. Stanley Jones 
in his studv of Mahatma Gandhi, that ‘J have seen him 
sometimes go wrong in small matters of interpretation, 
but now 1 realize how intuitively great he was in his 
selection of the larger ismies’. At turning points in 
the progress of Science, sometimes it is more impor- 
tant to state problems and furnish tools for their 
investigations, than to give the iliost correct answer. 
After all, in Science, there is no finality in the solution 
proposed for any problem. The subjects investi- 
gated by him in Physics, Biophysics and Plant Physio- 
logy still retain their places in the foreground of 
scientific research, and they have all been advanced by 
liis contributions. 


HANDMADE POTTERY OF RAJBANSIS 

B1SWAPADA DASUUPTA 

CALCUTTA 


TN the course of my work among the Rajbunni* of 
North Bengal, in 11)40, I came across a number of 
Rujbu H'si families, engaged in making earthen pots 
on a fairly large scale a :i the Ijolkota village, 2 to 
miles off Bhomradaha, a small railway station in 
between the railway stations of J)inajpur and Thakur- 
gaon, Eastern Pakistan. 

The families found to be engaged in making pots, 
are primarily agricultural and pottery is a secondary 
means of their livelihood. The actual making of pots 
is entirely confined to the women of these households; 
the men only help them by bringing suitable earth 
from the bank of the adjacent river Tangon, by collect- 
ing faggbts for turning the pots, firing the kiln and 
selling the pots in the local markets. My informants 
among these families, stated that the income from sale 
of pots goes to the purchase of clothes, salt, kerosene 
oil and such other necessities which the product' of 
land does not suffice to purchase after satisfying the 
need for food. The women of these households were 
stated to have followed this occupation hereditarily 
and the wheel had never been, used in making these 
.pots. The women who were found to make pots stated 
that they learnt this art from their mothers and other 


elder women of their households at their early ages 
(12 to 14 years). They said that they never used the 
wheel as they are Kxhatriya* by caste and not Kmnhara. 
They thus preserve the prestige of their own caste 
by not using the wheel in their pottery. If any one 
of them uses the wheel, the members of the household 
she belongs to, will be ou feasted at once. No such 
ease has however occurred within living memory. 

The implements required for making pots are very 
simple and the absence of the wheel does not seem 
to stand in the way of making pots on a commercial 
scale. 

1. Chine It is a shallow earthen vessel resem- 


Chanc 

bling in size and shape the malm*. It is used while 
shaping the neck of the pots. 
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2. Athali The alkali is an earthen vessel. It 
is used while bringing the body of the pot, below 
the nock to the required shape. The mouth of the 
vessel is wide and the inner wall slightly slopes inwards 
although the outer one is different. It has a distinct 
rim slightly everted and the middle part is constricted. 
There are alkalis of different sizes, for pots of different 
sizes to be made. The smallest type of the pots they 
make, is known as khuti. For shaping the lchuti the 
smallest variety of athali is required; dhoksa, the 



Athafi 

next larger size of the pot is fashioned in an athali 
of the next larger variety. Hundi , the next and the 
largest size of the jiots they make, is shaped in the 
athali of the next and the largest variety. 

3. Boila : — It is a dabber, made of earth. The dabb- 



Boifct 

ing face is more or less flat and the constricted part is 
meant for the grip while in use. 

4. Thokoner Pdthar It is an almost round shaped 
piece of stone w ith a smooth face, used in beating 
the body of the pot, inside and below the neck in order 
to bring the body into the desired shape, placing the 
pot in an inclined position on the athali. The smooth 
face of the pathar comes into contact with the body 
of the pot inside. 

5. Piton : — It is a flat piece of sal wood, required 
to beat the neck of the pot lightly outside. 

(>. Pitomr Pdthar : — It is a piece of stone having 
one of its faces flat and more or less plane. It is used 
in beating the neck lightly, inside and simultaneously 
with the pitov, to shape the neck perfectly smooth and 
plane. 


Pkockdukk 

Lumps of earth are brought from the bank of the 
adjacent river Tangon by the male members of the 
house. These lumps are ground over a large piece 
of gunny bag stretched in the courtyard, when the 
stone particles and other gritty matters, present in 
the earth arc picked and removed by hand. Water 
is then added to the earth and thoroughly mixed with 
it and is kneaded into suitable clay for the *pots. This 
is done by the women by constantly treading upon it, 
simultaneously adding water intermittently upto the 
quantity required. The day thus made is kept wrapped 
up in the gunny bag (dhokra) on which it was made in a 
shady place. 

A lump of clay of required quantity, depending 
on the size of the pot to be mode is then put into the 
chdnc , after rubbing the inside of the chdnc with 
wood ash. The (day is then worked into a ball by 
means of hand. The upper and the lower face of the 
ball are then flattened a little by beating lightly by means 
of the dabber (boila). It may bo noted that the dabber is 
also smeared with a coating of wood ash previously. 
The day thus shaped is then raised from the chdnc , 
and the chdnc as well as the boila are again smeared 
thoroughly with wood ash. The day ball with its 
upper and lower faces flattened is again placed in the 
chdnc. The Hat face is then beaten in the chdnc by 
means of the boila held at the grip by the right hand 



and the chdnc is made to rotate by means of the left 
hand. In this way, the rounded day is shaped into 
a thin circular disc. After this the disc is pushed 
up all round the edges by two hands of the operator, 
and the disc is also pressed at the same rime; as a result 
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the edge of disc is raised to a considerable height and 
it then assumes the shape of a cylindrical vessel. Tlic* 
edge of the cylinder is then made uniform by means 
of the hand. The cylindrical vessel thus formed is 
provided with a neck; a small piece of rag ( dhokra ) 
soaked in water is held by the fingers of the right hand 
upon the edge of the vessel, where the neck is to be 
made. In between the fingers of the right hand (the* 
thumb pressing the inner wall of the vessel and the 
rest the corresponding outer wall) the portion of the 
edge under the soaked rag (dhokra) is lightly pressed 
and simultaneously a rotating motion is induced in the 
chanc by means of the left hand in an anti-clockwise 
direction. Consequently the whole portion of tin* 
circular edge of the vessel comes under the pressure 
of the soaked rag held by means of the lingers of the 
right hand, and the pressure thus imparted to the edge 
shapes the required neck of the pot to be made. 

The vessel with fiat base and the neck thus formed 
is kept in a shady place for one day. The next day 
it is placed in the athali in an inclined position, the 
athali being previously smeared with sand. The portion 
below the neck is then beaten lightly and carefully 
with the implement known as thokoner patJuir , and in 
this way the body and the base of the pot is fashioned. 
The body being thus shaped, the neck of the pot is then 
made plane, by beating lightly the neck already shaped, 
with the piton outside and simultaneously with the 
pitoner pdthar inside at this corresponding positions. 
The pitoner pdthar is from time to time dipped in sand 
and the piton is immersed into water, at the same time, 
while in operation. The jjot with the body and the 


neck thus shaped is then removed from the athali. 
While doing so great care is taken that the shape may 
not be spoiled. 

The pots thus shaped are then kept in a shady 
place for some days (fi to 7 days) before they are taken 
to the oven for burning. The oven for burning the 1 , 
pots comprises of a big hole in the ground. At the 
front of the hole three big jars are placed. Two of 
them are placed in an inverted position leaning against 
each other from either side of the hole; the third one is 
placed inverted over the junction of the other two. 
Around the rest of the edge of the hole necks of the 
broken pots are plamUside by side and these arc 
meant for the stands of the new pots to be burnt. 
These new pots are then placed over each stand, 
and above these pots another set is placed and so on, 
till a considerable number of new pots are heaped up 
to be fired in the kiln. The faggots are then intro- 
duced into the kiln through an opening behind the three 
big jars placed inverted as previously described, and 
the fire is regulated from there; this is done* intermittently 
for nearly two to three days till the stock of the pots 
are burnt perfectly. 

After the burning is completed, the pots are taken 
out; the varieties like khvti , dhokra thus completed, 
are made ready for sale in the markets. The necks of 
the big jars (handi) are painted with a light brown 
paint. From a place, two to three miles off the hamlet, 
known as Gandhara, a kind of brown coloured clay 
is brought, the clay is boiled with water and the argil- 
laceous colouring matter thus formed is used for painting 
the neck. 


NOBEL LAUREATE IN CHEMISTRY 


A HNE Tiselius, the Nobel Prize Winner in Chemistry 
** for the year 1948, was bom in Stockholm in 1902. 
He graduated from the University of Upsala and ob- 
tained his Ph.I). from the same University in 1930. 
The matter of his thesis “The Moving Boundary 
Method of Studying the Electrophoresis of Proteins,’’ 
when published in journals, called the attention of 
scientists working in the same field. Seven years later, 
in 1937 he published a paper describing the revolu- 


tionary new technique for electrophoretic analysis of 
protein mixtures with an improved apparatus. This 
paper, which was published in the Trmmrtions of Uir 
Faraday Society, disclosed the protein structure of 
serum, and contributed much in selecting him for the 
Nobel Prize. 

I)r Tiselius is only 49, and is the Professor of Bio. 
chemistry of the University of Upsala. 
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TRAINING IN THE FIELD SCIENCES* 

N1RMAL KUMAR BOSK 

CALCUTTA UNIVifillSITY 


AMONG tlu* field -sciences wc generally consider 

Hu* following: Anthropology, Botany, Geography 
and Geology, and Zoology, as well as Archaeology. 
There is much in each of those which can be learnt 
in the* museum and the laboratory; but a large part 
of the student's experience has to be built up by per- 
sonal observation and training in the field. 

The arrangements for study in our Universities, 
which have gradually evolved through decades is very 
well fitted for such sciences as Physics or Chemistry, 
but not so much for the field-sciences. Teachers of 
the latter group have therefore to supplement the 
work in the class-room by what are called excursions. 
These excursions an* generally short in duration; and, 
from experience it might be stated, do not serve to 
give the student anything more than a nodding ac- 
quaintance with the object- of his study. The result 
is that, even when the student- succeeds in securing 
a first-class degree on the strength of his class-room 
and laboratory work, he does not develop self-confi- 
dence enough in the sciences under review . His sense* 
of responsibility and habit of taking the initiative is 
often very poorly developed. 

This is a state of affairs which must he corrected, 
and the present, paper is meant to suggest some means 
whieh may prove helpful in this connection. 

The first difficulty whieh one notices is that win- 
ter is the time when field investigation can bo carried 
on, and t his is also the time which is crowded with 
work in the colleges. Administrators of Colleges and 
Universities have a habit of looking upon field-work 
as a sort of holiday, and therefore wish teachers to 
thrust excursions into periods of \aeation. Among 
vacations, summer is useless for field-work; while 
the Poojahs occur at a time when rains do not always 
cease, and the ground is often too wet and leuteha roads 
not in a tit condition for easy movement. In many 
areas, it is also the season for malaria. The sugges- 
tion is that two or three months spent during winter 
in company with teachers, away from colleges in the 
field, should be treated as equivalent to class-work. 
Teachers may so organize their teaching that special 
branches of study, which have a closer hearing to ob- 
servations in the field, can be taught on an intensive 
scale during lecture periods in the midst of the objects 
themselves. 

In post-graduate classes, there should be less of 
vacation; and part of the summer months may be spent 

♦Paper rea<I at a iIihcuskioii meeting on "Training in India 
for Professional Uinwrs in the Kudd Koiawes" at the Indian 
Scienro UongreHH hold at Allahabad on January 4. 1949. 


in laboratory instead of being wasted, as much of it 
often is, under present arrangements. Vacations arc* 
now just blank and meaningless periods of uhplanned* 
work, or no work at all, intervening between periods 
of work, when work itself is not so hard. 

The second suggestion is that students should 
do both team-work and individual work in the field. 
Thus, if a student of Geography is being taught the 
art of surveying in the field, a number of them should 
carry on the work jointly. Kaeh must learn how to 
hold the staff, how to use the chain, the theodolite* or 
the plane table and take his turn at the different 
things one by one. But besides this joint endeavour, each 
single student should also be allotted a small plot of 
rough ground, of w hich he should prepare the map com- 
pletely by his unaided effort. This work will natural- 
ly not produce the same quality of work as joint effort 
will, with the help of specialized apparatus. But 
by trying to map out a region by counting steps and 
with the help of such simple, portable* apparatus as a 
prismatic compass or a box-sextant, the student will 
learn the art of rapid survey, and thus develop self- 
confidence in a way unattainable by any other means. 
The analogy can naturally be extended to tin* other 
sciences, in each of whieh, a wise balance should be* 
struck between team work and personal work. 

'flic third suggestion is that the results of field in- 
vestigation thus carried out under wise planning 
and direction should be given adequate recognition 
while the merit of the student is being judged finally 
for degree purposes. In some of the field sciences, 
such a practice is current even to-day; but the value 
attached to field records is generally of an inferior 
order. It has got to be stepped up, so that the student 
may also warm up in his field investigation. 

The fourth suggestion is designed to increase the 
feeling of interdependence between the different sciences. 
In such a subject as Human Geography, for exampic, 
where we enquire into the question of the interaction 
between Nature and man’s civilization, we immediately 
find that the aid of co-workers who have specialized 
in soil -science or metcorolgy, in botany and zoology, 
and also in economies becomes indispensable. A 
human geographer, instead of playing the part of an 
amateur botanist and zoologist, in addition to his 
special enquiries, would do well to seek the co-opera- 
tion of specialists in those departments in course of 
his own study. In other words, this would mean that 
when field investigations are being planned, it would 
be best if it is planned in such a manner that different 
departments of the University can join in it together. 
They w ill he in the field at the same time and the same 
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place; of course, where they have materials enough 
to work. While working in this manner, they will 
naturally conduct investigations independently ; hut 
when they meet every evening at the end of the day's 
work, let them try and help one another in inter-related 
problems. If this becomes organizationally possible, 
the investigation of separate sciences will often deve- 
lop a purposiveness which will be of even some amount 
of academic advantage. 

The fifth suggestion is with regard to leadership 
in research and investigation. In all scientific research, 
there is always an element of play and of adventure, 
the desire to battle with difficulties. To break the* 
barriers of darkness and bring a ray of light into 
the unknown or the little-known. Without that, 
scientific investigation loses its soul. But beyond 
this purely subjective element in research, there is 
also another, which often sustains the worker in his 
difficult days and which also gives a moral tone to his 
work in the field or the laboratory. This is the feeling 
of social responsibility. It is not that every problem 
chosen for investigation should have a practical bias 
or else become taboo. But the thing is that the worker 
should also hear the feeling that in his search for Truth, 
he is not functioning as an investigator, taking delight 
in personal intellectual satisfaction, and that at public 
expense, but he is also doing something which is great. 
And the feeling of greatness comes when one is inwardly 
assured that the world needs an answer to the questions 
with which one is struggling to find an answer. For 
the majority of workers, such a feeling is necessary 
as a load to give a poise to their scientific investigation. 
Otherwise their work tends to fritter down into an 
aimless endeavour, which merely satisfies some idle 
curiosity, or even a sense of personal vanity. A social 
sense, rightly introduced, helps to keep the balance 
much better than otherwise. 

But there is another class of workers among whom 
the sheer joy of enquiry supplies the necessary tone to 
work. Such students are rare; and, where they are 
present, the teacher need not w r orry himself about 
preventing their research from running to waste. They 
should be given the ‘liberty to play 5 ; and the teacher 
can rest assured that, if the student is of the right type 
his scientific integrity will create in him the mental 
discipline necessary for its own fulfilment. The* teacher 
can only become the helpmate of such a student, n 
friend and guide, not a director. But, for the rest, 
who are more numerous, it is better to ballast them 
with a sense of social responsibility, with a demand 
for ‘usefulness’. 

There is another matter which should be pointed out 
in connection with the question of leadership in scientific 
investigation, whether in the field or the laboratory. 
Unless the teacher himself feels inspired in his own 
work of science, he cannot infect others with enthusiasm. 
Unless one is on fire oneself, one cannot set others on 
tire. 


The reason why some teachers fail in this respect 
lies occasionally in directions other than academic. 
The world we live in is dominated by money- values. 
Not that other values do not exist or have ceased to 
operate in human societies, but money does play an 
inordinately large part in determining social status 
in the world of to-day. A man who is well paid feels 
more satisfied than a less paid man, even when the 
income of both is above what they need for the satis- 
faction of needs. Recognition in the Universities 
unfortunately often comes in the shape of added income. 
A good teacher in the University is often encouraged 
by the adiministrators of the University by being 
placed in a grade of salaries higher than his last one. 

This results in setting up a damaging cycle of 
movements. A worthy man placed in one of the lower 
grades loses much of the joy in his work, particularly 
when he finds people being placed above him not on 
the score* of merits hut tor extra-academic reasons. 
Of course, there is no justification for keeping any single 
worker on the border of want. But we are just now 
referring to scales, both of which are above the level 
of want; and in which people are shifted from one to 
another for purposes of encouragement. 

This is a feature* in our institutions which should 
best la* done away with. A common scale of salaries 
should be the rule* for all. And when encouragement 
is needed as an incentive, this should come in the form 
of academic honours and not in terms of added purses. 
A very desirable way in which the administration can 
show its appreciation of the worth of a scientist would 
be to give him more* freedom from routine* work, and 
also a greater measure of opportunity given for scientific 
investigation. Scientists will appreciate that, much 
more than a mere addition to their personal inheritable* 
wealth. A great worker can be very well given the 
opportunity to retire* early on a pension from compul- 
sory teaching w ork, and kept wholly fre*o to work in 
his own way by grants exclusively meant for research. 

It is eliificnlt to say how far equalization of income, 
as suggested above, will serve its purpose, when the 
rest of our lives, outside the University, is dominated 
by ‘capitalistic’ values. Perhaps the weeds will choke 
the useful plant out of existence, unless the conditions 
have changed outside* the walls of the University. 
But if the scientist is worth his salt, if lie* is true* to his 
profession, he can keep the torch lighted even when 
the wind is blowing hostile outside. For it is only 
when such men beceune more and more numerous, both 
in the field as we*!l as in the laboratory, that science will 
come to its rightful place in human life. 

The end of the old order must be laid in the souls 
of men; and when the fire burns brightly in more 
places than one, it will succeed in reducing to ashes 
that which chokes its breath to-day, and thus make 
room for that which alone can make human life better 
and happier in the end. 
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THE GREAT COMET OF 1948 

Photograph of a new comet has been taken on 
November 10 with 18-inch schmidt camera atPalomar 
Observatory. The position of the cornet at time of pic- 
ture is 13 h 4'"54", — 23°14\ Comet is moving south and 
west in the sky. If comet is moving away from sun, as 
appears to be true, it will probably become fainter. 
Distance from the sun and actual direction it is moving 
with respect to sun will not be known until its orbit 
is computed. Comet is in constellation of Hydra, 
south of first magnitude star Spica and very close 
to third magnitude star Gamma Hydrae. Planets 
Mercury and Venus are just north of comet. Tail of 
comet is about 25 degrees long and brightness of head 
is about same as second magnitude star. First magni- 
tude. stars are brightest stars. Comet is brightest seen 
in Northern Hemisphere since 1927 when Kkjellerup’s 
comet was visible. Nearly 1 1 months to the day after 
the discovery in the Southern Hemisphere of Comet 
1947n, astronomers below the equator were treated 
to another brilliant comet, which is to be known as the 
Great Comet of 1948. Like its recent predecessor, it 
became visible only after passing perihelion, but the 
Northern Hemisphere was fortunate in that the comet 
was much more favourably placed. 

Parabolic elements of the comet's orbit computed 
by astronomers at Cape Observatory place perihelion 
passage at about October 27.5, 1948, at a distance from 
the sun of 0.13 astronomical units. The orbital inclina- 
tion is about 22.8 degrees, longitude of perihelion 106°, 
longitude of ascending node 209 ’.7. (Sky Telescope, 
December 1948). 

NEW MESON 

Investigations of mesons have led to the existence of 
five of these atomic particles which have been generally 
accepted by nuclear physicists. They arc the positive 
and negative mesons of mass 200 times that of the 
electron, positive and negative mesons of mass 300 
and a neutral meson of mass 88. There is also 
evidence for the existence of three other varieties — 
positive, negative and neutral mesons of mass 800 
to 1,000. Now the discovery of still another meson is 
reported hy Dr Cowan of the California Institute of 
Technology. 'This particle with a mass of about 10 
is by far the lightest meson yet found. 

In a Wilson cloud chamber photograph of the 
results of cosmic-ray collisions with atoms, made in 
a plane at an altitude of 27,500 feet, Dr. Cowan noticed 
a highly unusual track. The amount of ionization indi- 
cated that it was that of a meson, yet. the particle had 
been markedly deflected in collisions with two electrons, 


indicating that it was extraordinarily light in woight. 
The calculations from its angle of deflection give 
11.5 as the upper limit of its mass. Its charge is 
unknown; the photograph yielded no information on 
that point. (Scientific American, December 1948). 

AMMONIA AS FERTILIZER IN SOIL 

Due to the short supply of nitrogenous fertilizers, 
the bulk of the fertilizers used by American farmers 
are the sulfate, nitrate, and phosphate of ammonium, 
and nitrate of calcium and sodium. California’s crops 
are irrigated and ammonia is placed in the irrigation 
water by the method called nitrogation. 'The concen- 
tration of ammonia in the irrigation water is usually 
maintained between 50 and 75 p.p.m. with an upper 
practical limit of 1 10 p.p.m. About. 15 per cent of the 
ammonia flashes while passing through the orifice; 
therefore, 85 per cent enters the irrigation w ater through 
a perforated pipe as liquid ammonia. Average California 
water contains 80 to 250 p.p.m. calcium and 300 to 600 
p.p.m. bicarbonate. Ammonia converts the calcium bi- 
carbonate to calcium carbonate, which precipitates and 
tends to restrict flow in irrigation pipes. To prevent this 
precipitation, a solution of sodium hexametaphosphate 
is added to the water along with the ammonia. After the 
ammonia has been fixed by base exchange, it is absorbed 
by bacteria and converted to nitrite. Other strains 
of bacteria convert the nitrite to nitrate which is then 
absorbed and used by plants. 

Since nitrogation can only be used during the 
irrigation season, another method known as nitrojection 
by which anhydrous ammonia gas is applied directly 
to the soil during the rainy winter months was developed. 
Nitrogation experiments had shown that soils could 
fix water solutions of ammonia by ionic base exchange. 
But would directly injected free ammonia bo fixed 
by the soil ? An application of 100 pounds of ammonia 
gas per acre in a Yolo sandy loam soil was completely 
fixed within an area of about 2 inches from the point 
of injection. Leaching of the soil column with large 
volumes of water would not remove the ammonia 
before nitrification had taken place. After nitrification, 
the nitrate nitrogen u'as easily moved to plant roots 
by either irrigation or rain water. 

The first Nitrojection Ammonia equipment was 
built in 1939. It was a trailer-type unit which was 
a modification of a kilifer chisel upon which a single 
cylinder of anhydrous ammonia was mounted. The 
injection device was a standard cultivator chisel with 
a quarter inch pipe attached to its back. Present 
trailer-type units are designed in several sizes. Larger 
units carry as many as 21 cylinders and have tool bars 
39 feet long. They are capable of fertilizing 200 acres 
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a day. The recent use of standard offset double disk 
for nitrojection accomplishes ammonia injection and 
soil preparation in the same operation. As the vapour 
pressure of anhydrous ammonia at normal atmospheric 
temperature is about 175 pounds per square inch, high 
pressure cylinders which gross between 340 and 345 
pounds are used. 

Nitrojection is now being used in California on 
a great variety of crops. Truck and field crops generally 
use about 100 pounds of ammonia per acre, but su- 
gar beets often require as much as 150 pounds. On tree 
crops, applications vary from 100 pounds per acre 
for stone fruits up to 260 pounds for walnuts. 
(Chemical and Engineering News, November 1, 1948). 

. GEOLOGY IN THE SERVICE OF INDIA 

The importance of geology in the economic deve- 
lopment of the country was emphasized by Dr. W. D. 
West, presiding at the forty-fourth annual meeting of 
the Mining, Geological and Metallurgical Institute of 
India held in Calcutta on January 28, 1949. 

I)r. West said it needed the impact of two World 
Wars to convince those in authority that industrial 
progress of the country depended on the development 
of its mineral wealth, for which the services of geolo- 
gists were necessary. 

When it was realized that India’s annual produc- 
tion of minerals, including building materials, was 
estimated at over Its. 56 crores, that the value of metal- 
lurgical products, such as pig iron and steel, was Rs. 
26 crores a year and that much of the electrical power 
of the country was obtained from coal, it would be re- 
cognized that the science and practice of geology, upon 
which the development of the mineral industry was 
directly based, was of j)aramount importance. 

Pointing out that the geological map of India 
on the scale of one inch to one mile should be com- 
pleted, Dr. West said that, excluding the areas co- 
vered by alluvium and the Deccan lavas, there still 
remained about 290,000 sq. miles of land to be sur- 
veyed on this scale. If 50 geologists were employed 
exclusively on this work, it could be completed in 16 
years. Upon the execution of such a map would de- 
pend proper exploitation of the country’s mineral 
wealth, utilization of its ground water resources, loca- 
tion and design of dams, alignment of railways and 
the study of soils. 

Dr. West outlined the work of the Geological 
Survey of India, which had not only expanded in size 
but had extendod its scope of activities by setting 
up new sections for engineering geology and ground 
water investigations, for geophysical exploration, for 
mineral prospecting and for drilling. Circle offices 
of the department had been opened in Madras, 
Bomfr&y, Nagpur, Lucknow and Puri to enable it to 
keep in touch with Provincial Governments and to 
help them in their development programmes. 

« 


Presenting the annual report, the Honorary 
Secretary (Dr. P. K. Ghosh), said the total number of 
all classes of members at the end of the year was 715, 
being the highest on record. The Institute has taken 
a practical interest in the many problems facing the 
mineral industry and a ‘Directory of Indian Mines and 
Metals’ would shortly be published. A new series of 
publications entitled Notes and News was inaugurated, 
the first issue of which appeared in September last. 

The following award of Institute’s prizes and 
medals was announced : 

The Government of India Prize of Rs. 500 J- and 
Institute's Silver medal to P. I. A. Narayanan and J. 
Fleming for their paper on beneficiation of Lead- 
Zinc ore of Zawar; Silver Medal to Dr. E. Spencer for 
his paper on manganese ore deposits of Jamda valley 
and a Bronze Medal to Sri S. K. Borooah for his paper 
on chromite deposits of Nausahi (Keonjhar), Orissa. 

The following were elected office-bearers for the 
year 1949 : 

President— Mr. L. J. Barraclough; Editor of Trans - 
actions — Dr. M. S. Krishnan; Honorary Treasurer — 
Mr. V. P. Sondhi, and Honorary Secretary — Dr. P. K, 
Ghosh. 

INDIAN INSTITUTE OF CHEMICAL ENGINEERS 

At the First Annual General Meeting of the Indian 
Institute of Chemical Engineers held on January 
1-2, 1949 at Allahabad, Dr. H. L. Roy, the Founder 
President of the Institute delivered the Presidential 
address in which he analysed the educational facili- 
ties in Chemical Engineering at the eight leading ins- 
titutions of this country and made an impassioned plea 
for evolving a uniform system of education best suited 
to the industrial needs of this country. He mentioned 
that the All-India Council of Technical Education had 
taken a right lead in this direction and he urged his 
fellow-educationists to take immediate steps to imple- 
ment the recommendations for uniformity in Chemi- 
cal Engineering education. Dr. Roy, then proceeded 
to give details of the training facilities afforded to 
young engineers by leading industrial organisations 
of the world like the General Electric Co. He con- 
trasted this with conditions in India whore, except 
in one or two organisations like the Tata’s no syste- 
matic training for young chemical engineers was im- 
parted. 

Referring to the role of the Indian Chemical 
Engineers, Dr. Roy, remarked that it was their, pri- 
mary duty to modernise the Chemical Industry of this 
country to expand production and make the existing 
units yield better efficiencies of production. He laid 
particular emphasis on unit operations and their con- 
trol by instrumentation and cost analysis. He also 
urged the industrialists and the technicians to devote 
their utmost attention t <y the quality of production 
and gave ati outline of the methods of quality control 
in industrial establishments. • 
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’In conclusion Dr. Roy, gave an account of the 
employment trends in the chemical engineering pro- 
fession in the U.S.A. and in India. In the interests 
of efficient operation of public utility concerns and 
basic industries which are expected to come under 
State control, Dr. Roy, urged that the Government 
should realise the importance of this specialised branch 
oi engineering in which our country is making a slow 
but sure beginning and should take speedy measures 
to utilise the young technicians to the utmost benefit 
of the country. 

The following were duly elected office-bearers of 
the Council for the year 1949 : l)r. M. L. Roy, Pre • 
sident; Dr. H. E. Eduljee and Sri S. Ganapathy, Many . 
Secretaries. 

URANIUM PROSPECTS GOOD 

The Chairman of the U.S. Atomic Energy Com- 
mission has aimounced recently that prospects are 
excellent for a continuous supply of uranium in the 
world for an indefinite time to come. An unwarranted 
impression that a short ago of uranium would drastically 
limit the possibilities of atomic energy had been caused 
by estimates that known reserves of uranium would 
last perhaps only 30 years or not more than 40. Esti- 
mates of the total world supply of uranium had run 
from 30,000 tons to 500,000 tons, 17 times as much. 
Estimates of rates of potential consumption of the 
fissionable material derived from uranium had also 
varied considerably. The Atomic Energy Commis- 
sion wished to state that those estimates of a short- 
lived atomic enterprise were not correct and that 
there is no basis in fact for those statements about 
extremely limited uranium ore supplies. (The Chemical 
Age, January 1, 1949). 

CERAMIC-COATED MOLYBDENUM 

It is reported from the U. 8. National Bureau of 
Standards that molybdenum with a specially designed 
ceramic coating offers a promising combination for 
high temperature service. Most of the usual heat-resis- 
tant alleys begin to melt when heated within the tem- 
perature range of 2400° to 2G00°F. Only such scarce 
metals as platinum and iridium, melting at 3180° and 
4260°F. respectively, have sufficient resistance to oxi- 
dation at high temperatures to be used without pro- 
tection. 

The ceramic coatings developed to provide this 
protection to molybdenum are supplied in the form 
of water suspension or “slips” to cleaned specimens 
of the metal either by dipping or spraying. After 
drying, the pieces are fired at a temperature of 2150°F. 
in oxygen-free atmospheres. The furance is the only 
special equipment needed beyond that normally used 
in applying ceramic coatings. 

A number of coatings w f ere prepared at the bureau. 
Some of these were outstanding in resistance to thermal 


shock, while others had good resistance to high tempera- 
tures. One of the better coatings, M-13-33, consisted 
of (1) a base coat of a low expansion frit with 20 per 
cent zirconia added, (2) a cover coat containing 95 
per cent zirconia, and (3) a seal coat consisting of a 
thin application of the same composition as the base 
coat. 

In an air atmosphere at 1650°F. unprotected 
molybdenum sheet was found to decrease 04)2 in. in 
thickness in 30 min. There was no decrease, however, 
for ceramic -coated molybdenum heated for 70 hours 
under the same conditions. At a gas temperature 
3500°F., giving a surface temperature on the specimen 
of 2G00°F. or more, only short time protection of the 
molybdenum was attained. 

An immediate application of these ceramic coatings 
is the protection ol molybdenum pitot tubes which 
are built into the nozzle end of ram- jet engines used 
for pilotless ail - craft. These pitot tubes, which are sub- 
jected to a gas temperature of about 3000°F. are expen- 
dable and need not last over five minutes. The ceramic- 
coated molybdenum gives short time protection at these 
high temperatures and so the need remains for coatings 
which can be used for high temperature applications 
where longer service life is required. (The Chemical 
Age , January 1, 1949.) 

SPREADING D.D.T. ON SNOW 

A new mosquito fighting technique has been deve- 
loped to make life more endurable in the Far North. 
U. S. Department of Agriculture entomologists, in co- 
operation with the Army and with Canadian scientists, 
have found that spraying D.D.T. on Artie snow from 
airplanes is an elective means for keeping down 
the hordes of blood thirsty insects that often make 
work, out of doors impossible in the Far North. 

As soon as the snow has melted and formed a wet 
sheet among the plants of the tundra, arriving mos- 
quitoes are accustomed to lay their eggs. Now they 
find their nursery a death trap for both themselves 
and their young ones. 

One advantage of the new technique is its relatively 
low cost. Sprinkled from low flying airplanes, one 
pound of D.D.T. is sufficient to treat 10 acres. (Science 
News Letter , December 4, 1948). 

MORE VITAMIN B 

At least a dozen different B vitamins oxist. Ten 
of them can be obtained in pure crystalline form. 
These are thiamine, riboflavin, nicotinic acid, vitamin 
e , pantothenic acid, choline, biotin, inositol, para- 
aminobenzoio acid, and folio acid. 

The common food still remains, however, the best 
source of these vitamins in practical nutrition. One 
reason is that food supplies all the unknown ones along 
with the known ones. The vitamins B occur in different 
proportions in different foods, and also in different 
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commercial vitamin concentrates. Oat meal, for example, 
contains more than twice the amount of thiamin that 
liver contains, but only one-twentieth the amount of 
riboflavin that is in liver. Commercial concentrates 
are valuable for treating specific deficiencies of one or 
another of the vitamin B. But unless properly used, 
they give no greater security of supplying all the vita- 
mins B one needs than the proper combination of natural 
food. (Science News Letter , December 4, 1948). 

NEW LIGHT ON TOXINS 

The action of toxins is till now a mystery, though 
its powerful effects are well known. One milligram of 
diphtheria toxin, for example, would kill about 10 tons 
of guinea pigs. Toxins are proteins and their toxic 
effects cannot be explained inany simple terms of chemi- 
cal poisoning. It must be related to some way in which 
the protein molecule as a whole exerts some specific 
biological effects — for example, by inhibiting the action 
of an enzyme. 

A. M. Pappenheimer of New York has recently 
found out a significant clue. The diphtheria toxin 
is excreted by the bacteria in company with a substance 
belonging to a class known to chemists as the 'porphy- 
rins. Porphyrins are complex compounds of carbon, 
hydrogen, and nitrogen, which play very important 
roles in the vital processes of both plants and animals. 
Pappenheimer showed that the yield of toxin begins to 
decrease if the concentration of iron rises above a cer- 
tain point. Exact measurements show that for every 
four atoms of iron added above this limit one molecule 
of toxin fails to appear. At the same time four mole- 
cules of porphyrin fail to appear. This indicates that 
the bacterial c*»ll excretes one molecule of toxin for every 
four molecules of porphyrin. As the excretion of both 
toxin and porphyrin decreases when the amount of iron 
available is increased, it must he supposed that the 
excess iron becomes locked up inside the bacterial cell in 
the form of haem, the iron-containing porphyrin. The 
increased retention of haem inside the cell seems to be 
controlled by an enzyme called cytochrome h , which 
plays an essential part in the respiration of living cells. 

Putting all these facts together, Pappenheimer 
has suggested the following theory. The diphtheria 
bacillus as part of its normal life process synthesises 
cytochrome b , and as a preliminary step it must manu- 
facture both the protein part of the enzyme and the 
porphyrin. If, then, it has a sufficient supply of iron, 
the iron and the porphyrin go to form haem and the 
haem is joined to the protein to produce the cytochrome 
b enzyme. But if there is a shortage of iron, the bacillus 
cannot finish the job. Tt is left with the protein part 
and the porphyrin, which, for lack of iron, cannot 
turn into the required enzyme. Since the protein 
part and the porphyrin are biologically useless alone, 
they are then excreted. And the protein part, according 
to the theory, is the diphtheria toxin. 

In other words the diphtheria toxin is the protein 
part of the enzyme cytochrome b as it occurs in animals, 


or at least is very similar to it. And cytochrome b‘ is 
vital to the life of all animals. On that basis Pappen- 
heimer suggests the following theory as to how the 
toxin kills. The cells of an animal must have some 
sort of automatic adjusting mechanism whose function 
is to detect any deficiency of the vital enzyme cytochrome 
b t and put in train the chemical processes that would 
rectify the deficiency; or correspondingly stop these 
processes when there is sufficient enzyme present. 
But the toxin which is excreted by the diphtheria 
bacillus and finds its way into the cell of an infected 
animal resembles cytochrome b so closely that the adjus- 
ting mechanism in the cell responds to it just as if 
it were cytochrome b . Thus a plentiful supply of diphtheria 
toxin is mistaken by the cell for a plentiful supply 
of cytochrome b . Production of the latter is stopped 
and the animal suffers, and possibly dies, from a lack 
of it. (Discovery , December 1948). 

UNESCO TO SEND EDUCATIONAL MISSION 
TO AFGHANISTAN 

A contract providing for a Uncseo Educational 
Mission to Afghanistan was arrived at by H. E. Sardar 
Najib II llah Khan, the Afghanistan Minister of Edu- 
cation, and Dr. Julian Huxley, Director-General of 
the United Nations Educational, Scientific and Cul- 
tural Organisation, in Beirut. 

This contract, the first of its kind to be entered 
into by Unesco with a Member State, provides for a 
survey of elementary and secondary education with 
special emphasis on technical and vocational educa- 
tion. 

The Mission will visit Afghanistan during the 
spring of 1949 and will remain there for a period of 
nearly three months. It will then publish a report 
on its work. 

The Mission will include one head and two mem- 
bers to be appointed by Unesco, as well as experts 
selected by the Afghanistan Government. 

UNESCO LAUNCHES BOOK COUPON 
SCHEME 

The Unesco book coupon scheme, devised to over- 
come foreign exchange difficulties, will enable educa- 
tional and scientific institutions of ‘‘soft'* currency 
countries to buy publications from “hard” currency 
countries, while making payment in their own national 
currency. 

About $50,000 will be a donation by Unesco to 
Austria, China, Czechoslovakia, Greece, Hungarv > 
Italy, Indonesia, Iran, the Philippines and Poland. 
The additional $100,000 worth of coupons will be 
put on sale in China, Czechoslovakia, France, India, 
Poland and the United Kingdom. 

The coupon scheme, launched on a one-year ex- 
perimental basis, practically amounts to the intro- 
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dilution of an international medium of exchange, with 
Unesco supplying the necessary “hard” currency back- 
ing to make the project work. Booksellers who 
accept those book coupons for payment will be repaid 
by Unesco in their respective national currencies. 

SEARCH FOR OIL IN PAKISTAN 

Depth of the Lakhra (Sind) test well, where the 
Rurmah Oil Co. (Pakistan Concessions) Ltd. are dril- 
ling in search of possible oil bearing structures, exceeds 
3,250 feet. 

Progress in drilling is slow owing to the unusuahy 
hard formations encountered in this area. 

The 14J-inch diameter hole now being drilled 
will go to a depth of about 8,000 feet, where 1 Of-inch 
casing will be run. Final objective of the test well 
is more than 10,000 feet. 

The formations so far tested have not yielded 
any indication of oil. 

Lakhra, on the edge of the Sind desert, is about 
35 miles north-west of Hyderabad and about 170 miles 
by road north-east of Karachi, Pakistan. 

ASSOCIATION OF SCIENTIFIC WORKERS OF INDIA 

The Second Annual General Meeting of the Asso- 
ciation of Scientific Workers of India was held on 
January 4, 1949 at Allahabad with Dr T. N. Seth, 
Professor of Medical Chemistry, Medical College, Patna, 
in the chair. 

Presenting the annual report for the year 194:8, 
Dr B. C. Guha (General Secretary) said that the bran- 
ches of the Association were preparing a register of 
unemployed scientific workers and helping in providing 
employment to them. The Association had also taken 
up certain cases where the scientific workers had been 
threatened with retrenchment. It would shortly be 
submitting a memorandum to different employers 
of scientific workers, particularly, the Government, 
in regard to tho conditions of service and amenities 
granted to scientific workers. 

Continuing he said, tho Association was now affi- 
liated with the World Federation of Scientific Wor- 
kers, which held its first historic General Assembly 
at Prague in September last year and adopted a char- 
ter of rights and obligations for the scientific workers. 

On different national and international issues, 
the Indian Association was in touch with sister asso- 
ciations in the United States, Canada, England, France 
Poland and other countries. 

The meeting called upon the Government to re- 
medy the situation caused by the “widespread unem- 
ployment and mal-employment of scientific workers 
in the country,” and to utilise the service on good 
jobs of State financed overseas scholars on return to 
India. 

The following National Executive of the Associa- 
tion was elected for the year 1949: President — Hon’ble 


Pandit Jawaharlal Nehru; General Secretaries — Dr. P. K. 
Kichlu and Mr. C. R. Mitra. 

FRANS VERDOORN 

Dr Frans Verdoorn, Managing Editor of Chronica 
Botanica , whose appointment as Director of the Los 
Angeles State and County Arboretum at Arcadia, 
California, was announced earlier (See Science and 
Culture , December, 1948, p. 242) has planned to develop 
a modern arboretum and botanical garden at Arcadia 
with various educational and research departments. 

Dr Verdoorn will continue to edit Chronica Bota- 
nica and related serials. Some of these will be pub- 
lished in the future by the Los Angeles State and County 
Arboretum, others will bo transferred to a commer- 
cial publisher. 

Dr Verdoorn, a native of the Netherlands, came 
to the U.S.A. in 1940. Formerly known for his work 
in Cryptogamic. Botany, he has lately been occupied 
chiefly with historical studies and international rela- 
tions work. He was an assistant at tho Buitenzorg 
Botanic Gardens, Java, in the 1 930’s and has been a 
Research Fellow at Harvard University since 1940. 
During the war years he did much work on Latin 
America and South East Asia for various government 
agencies. He received the first Mary Soper Pope 
Medal in J940, (See Science and Culture, 12, 433, 
1947) and has just been appointed Chairman of the 
International Phytohistorieal Committee. 

ANNOUNCEMENTS 

Dr V. Pari j a of the Indian Educational Service 
(retired) and former Vice-Chancellor, Utkal University, 
is elected Pro-Vice-Chancellor, Banaras Hindu Univer- 
sity, Banaras. 

Dr S. M. Sircar, Lecturer in Botany, Calcutta 
University, is appointed Professor of Agricultural 
Botany, Central College of Agriculture, New Delhi, 
A distinguished plant physiologist, Dr. Sircar’s work 
on the relation between P- supply and nitrogen meta- 
bolism in rice plants has got important bearing on the 
application of nitrogen fertilizers for paddy. His 
investigations on vernalization and photoperiodism of 
rice have indicated a new line of research for crop 
improvement in India. He was invited by the Chro- 
nica Botanica to contribute a discussion for a sym- 
posium on “vernalization and photoperiodism” with 
special reference to the tropics published recently. (See 
Lotsya , 7, 1948). 

Earlier he served for some time as a Reader 
in Botany and Head of the Department of Biology, 
Dacca University, and was also a Honorary Secretary 
of the Botanicai Society of Bengal and Science Club, 
Calcutta. 

The following were elected as office-bearers of the 
Indian Botanical Society for the year 1949, ( a,t, the 
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Annual General Meeting of the Society held at Alla- 
habad on January 2 last: President and Editor-in - 
Chief: Prof. G. P. Mazumdar; Business Manager and 
Treasurer : Dr. S. P. Agharkar; Secretary : JDr T. N. 

Mahabale. 

Prof. D. D. Kosambi of the Tata Institute of 
Fundamental Research, Bombay, has been granted 
a UNESCO Fellowship to work on new types of elec- 
tronic calculating machines, for setting up a modern 
Calculating Laboratory in Asia. 

A subscription of 500 dollars from the UNESCO, 
on the recommendation of the Union Internationale 
d ’Historic des Sciences, has been granted to the Indian 
Chemical Society for the publication of a History of 
Hindu Chemistry. 

The Burmah Oil Company (India Concessions) 
Limited has made a grant to the Bose Research Ins- 
titute, Calcutta, to further the research work on micro- 
fossils as an aid to the age determination of sedimen- 
tary strata, with special reference to the microbota- 


nical remains in rocks from the Salt Range. The 
research will also deal with the age of the ’ Punjab 
Saline Series. The investigation Hill be carried out under 
the direction of Sri A. K. Ghosh (See Science and Culture, 
13 , p. 423, 1948). 
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The Back and Its Disorders — By Philip Lcwin,M.J). 

Published by the McGraw Hill Book Company, 

Inc.., New York. Price $2.50 

This book deals in a popular way the simple methods 
of helping the euro of backache which is almost a 
common ailment amongst the people. The ways 
and means of preventing disorders of the back is dealt 
with in a simple manner. The anatomy, topography 
and physiology of the book are explained in lucid lan- 
guage, and the sites of injury or defects in the back 
are narrated. 

The modem methods of treatment like antibiotics, 
X-ray and physical therapy treatment with up-to-date 
equipments are dealt with in such a way that carefully 
trained doctor can help a good deal the persons suf- 
fering from backache. If the doctor cannot cure a 
case he can at least give relief to the patient by study- 
ing this book. 

The causative factors of backache are well classi- 
fied, whether it is due to nervous faotor, bacterial 
infections, pain in the sarcoiliac region or defect in 
the intervertebral disc, or tumours of the vertebrae 
or due to overweight. 

The importance of good posture and regular care 
of the back like teeth and skin is fairly delineated. 
The author has practically given a new idea regarding 
the disorders of the back and its cure and treatment 
in a nice and illustrative way. 

N. D, 


Practical Psychiatry and Mental Hygiene — 

By Samuel W. Hartwell. M.I>. McGraw Hill Book 

Co., Inc., London & New York. Price $3.75. 

The book is one of the “Series in Nursing” books 
brought out by Messrs. McGraw Hill Inc. The author, 
a well known psychiatrist, has made an admirable 
attempt to present to his student nurses the fruits 
of his wide experience. He has eminently succeeded 
in focussing the attention of the students on the main 
symptoms of the neuroses and the psychoses and the 
ways of dealing with them. The style is lucid and 
clear throughout and what has struck the reviewer 
most is the extreme caution with which the author 
has proceeded in presenting the different theories. 
He has been particularly careful to guard the students 
against follow ing false clues and forming wrong notions 
about the relative importance of the etiological factors 
of mental diseases. The nurses on whom lies the 
heavy responsibility of attending to mental patients 
are expected to possess a good know ledge* of the external 
behaviours of such patients and of their mental states 
and conditions which find expressions in such beha- 
viours. The present volume will be of immense help 
to them in acquiring such knowledge and they may 
confidently accept it rn a safe and sure guide in the 
task of preparing themselves for the humane work 
to which they are going to dedicate themselves. 

To the reviewer the only weak part in the book 
seems to be part 2, where the author has sought to 
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delineate the different methods of approach to the 
problems of mental disease. It, could have been much 
simplified and abridged. This weakness, however, does 
not in the least, affect the usefulness of the volume. T 
am confident that the book will have a large circulation 
not only amongst the student nurses for whom it is 
primarily meant but also amongst all students of psy- 
chiatry and practising psychiatrists. 

8. C. M. 


The Failure of Metals by Fatigue— "Proceedings 
of a symposium held in the University of Mel- 
bourne, Dec. 2nd to 6th 1946. Demy 8vo pp.xvi + 
505, with illustrations. Melbourne IJniv. Press, 
Carlton N.3, Victoria, Australia. (42/- sh.) 

The earliest recorded series of experiments on 
the effect of repeated stresses is that by Fairbrain 
in J 804. His work was followed by Wohler in 1870 
in which the first comprehensive investigation on 
fatigne testing was made, covering a period of some 
12 years. The next important w r ork on the subject 
was carried out by Bauschinger in 1868, followed by 
numerous other workers, the most prominent among 
them being Gough in England and Moore and Kommers 
in America. Some 15 years after the publication of 
their classic work (H.J. Gough, * ‘The Fatigue of Metals,' ” 
1926 ; H.F. Moore & LB. Kommers, “The Fatigue 
of Metals’*, 1927), the staff of Battcllc Memorial Insti- 
tute, U.S.A. brought out a treatise on “Prevention 
of the Failure of Metals, under Repeated Stress,** 
(Wiley, 1941), including in it the most comprehensive 
bibliography of over 900 references, ever published 
in English. Since then, and during the war years, 
information on fatigue accumulated, without, being 
disseminated, due to certain restrictions, till 1947, 
when the Melbourne University Press, published this 
symposium, which forms one of the most, unieme in 
the development, of engineering science. T)r. Gough 
E.R.S. who writes the foreword states that in organiz- 
ing a comprehensive discussion on the subject of 
fatigue concerned with the design, development, or 
maintenance of machines, structures and components 
subjected to cyclic stresses, the University of Mel- 
bourne’s Faculty of Engineering has rendered a signal 
service to a w ide circle of scientists and engineers. 

Five Technical Sessions were held and thirty 
papers contributed and discussed, of which 21 were 
written in Australia, f> in Britain and 3 in America. 
The w ide scope of the subjects is best gathered from the 
preliminary remarks made in the first, sessions by Prof. 
Sexton, Dean of the Faculty of Engineering, ITniv. 
of Melbourne, when he was called upon to welcome 
the delegates by the Chairman of the Symposium, 
Prof. J. Neill Greenwood, Research Professor of 
Metallurgy, Univ. of Melbourne. The subiect, “The 
Failure of Metals hv Fatigue” said Prof. Sexton , “... 
was selected because it was of wide interest to almost 
every type of engineer and metallurgist.” Tin? mecha- 
nical engineer is concerned with rapidly moving machine 


parts subject to millions of repetitions of high stress 
with metals often at high temperatures. There are 
several papers which deal with this subject and in which 
the mechanical engineer will find interest, such as, 
“The Design of Cylindrical Shafts Subjected to Fluc- 
tuating loading” ; “Fatigue of Bolts & Studs,” 
“Notch Sensitivity of Metals,” and “Conditions Leading 
to Fatigue Failure in Sleeve Bearings”. The civil 
engineer deals with structures where many changes of. 
moving load occur with attendant vibrations and 
variations in stress. To him, papers on subjects 
like “Fatigue Tests on Four Welded H-Beams”; and 
“Failures of Railway Materials by Fatigue” are of 
unusual interest. The problems of fatigue failure 
in electric transmission lines, which are a constant 
source of worry to an electric engineer, are ably dealt 
with in throe papers viz., “Some Practical Aspects 
of Wire Fatigne in Aerial Telephone Lines based on 
an Analysis of Wire Breakages”; “The Vibration 
of Telephone Line Wires”, and “Fatigue Failures of 
Lead Sheathing of Telephone Cables”. The aero- 
nautical engineer has difficult problems in keeping the 
weights of engines and framework to a minimum 
and at the same time in ensuring adequate distribution 
of material to prevent destructive* vibrations and 
fatigne failure. Papers on “Fatigue Problems Asso- 
ciated with Aircraft Materials” ; “The Factors Contri- 
buting to Fatigue Failure in Aircraft” ; “Fatigue 
Problems in the Gas Turbine Aero Engine,” and others 
cover a wide field in aeronautical sciences. An un- 
usually interesting paper for a chemical engineer is 
“The Electrochemistry of Corrosion Fatigue,” by 
Dr U. R . Evans, wiio occupies one of the newly created 
posts of Reader in the Science of Metallic Corrosion, 
Cambridge University. The author together with 
his colleagues has demonstrated that the corrosion 
fatigue of steel, because of the electrochemical nature 
of the corrosion process, can he reduced or prevented 
by suitable cathodic protection, a point which this 
reviewer also discussed in this journal some time hack. 
(“Stress Corrosion”, Dec. 1945, p. 305 ; and “Cathodic 
Protection of Pipe Lines”, Oct. 1946, p. 177). The 
importance of physical metallurgy in fatigue is well 
brought to light in a number of papers such as “Types 
of Fatigue Failures in The Steel Industry” ; “The 
Prevention of Fatigue Failures in Metal Parts by 
Shot Poening”, and “Composition & Physical Pro- 
perties of Steel in Relation to Fatigue”. Tn addition 
to these papers the subject of fatigue stress measure- 
ment and investigation receives adequate importance 
in such papers as “Photo Elasticity and Stress Concen- 
tration” : “Methods of Investigating the Fatigue 
Properties of Materials” : “The Measurement of Dyna- 
mic Strain” ; and “The Detection of Fatigue Cracks”. 
Of all the papers, the reviewer thinks that the first 
three constitute- the best in the symposium, for their 
wide scope, clear and lucid style and authoritative 
and advancing outlook. The first on “The Failure 
of Metals by Fatigue”, by Prof. Greenwood, describes 
the physical features of fatigue failure and forms as 
it were a springboard for future research on the subject. 
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The second, paper on “Metallography, .Fatigue ’ol' 
Metals and Conventional Stress Analysis” by H. h\ 
Moore, Emeritus .Research Professor of Engineering 
Materials, Univ. of Illinois, and doyen of the profession, 
informs an illuminating, historical account of the 
subject, and one which is of great interest to engineers 
and scientists alike. The third paper on “Theories 
of the Mechanism of Eatigue .Failure”, is written by 
Dr W. Boas, of the Univ. of Melbourne and one time 
•an associate of Schmid, and Fribourg and co-author 
of ‘‘Kristallphistizitat.” An ardent leader in the 
development of crystal plasticity and the science of 
metal physics, the author vividly describes in this 
paper the development of ideas on fatigue failure 
and X-ray diffraction methods and discusses them 
in the light of modern theories of Dehlinger, Orowan, 
and others, including the statistical theories of fatigue 
failure, proposed by Afanasev in Russia, and referred 
by this reviewer in one of his previous papers. (“Atomic 
Structure of Engineering Metals”, “Science & Cult u he, 
Feb. 1947, p. 388). 

The book is published on good paper with clear 
photographs and illustrations. The reviewer’s only 
regret is that a work of this nature which has an inesti- 
mable value to engineers, metallurgists and other 
scientists should have included a good, index for refer- 
ence to a large number of topics hidden within the 
various papers. 

8. K. G. 

A 62 Guide for Modular Coordination — By 

Myron W. Adams and Prentice Broadlcy. 290 

pages, 314 illustrations, 9"Xl- w * Published by 

Modular Service Association, Addison Wesley Press 

Inc., Kendall Square Building, Cambridge 42, 

Mass., U.S.A. ($10.00). 

“The existing house structure was mostly deve- 
loped before the industrial age, and grew out of the 
materials and methods, and social standards of earlier 
centuries. The structure is physically sound but not 
well adapted to recent technical advances in materials 
and applied mechanics.” Thus wrote Albert Farewell 
Bemis, American originator of the modern structural 
method of cubical module design, in his classic treatise 
“The Evolving House, — Rational Design,” Vol. Ill 
(Tho Technology Press, M.T.I., U.S.A., 1933). The 
fundamental principle laid down by Bemis is, that of 
all the geometrical figures, the cube has the greatest 
abstract potentiality, w hich if properly applied should 
meet all tho requirements of practical design. When 
considered as a unit of space measurement, tho cube 
defines volume, and is therefore capable of controlling 
the plan and elevation of any house and thereby its 
entire structural layout. Secondly the cube is symmetri- 
cal with respect to each of its three axial planes, 
this symmetry being especially useful in the design 
of jointing. Thirdly, its six surfaces can control the 
location and dimensions of composite parts within 
the module or adjoining it. The principle of cubical 


module is quite simple and like many other fundamental 
conceptions is exemplified in a number oi processes 
such as in the weaving process in tapestry ; brickwork, 
tiles and other building materials. In most of the 
modern iorms of building construction, the chief atten- 
tion has upto now r been directed towards the use 
of newer types of materials, and newer processes of 
joining and fabrication. In order that the require- 
ments oi modern engineering and industry are ade- 
quately met, a totally new conception ol structural 
design is warranted. Jt is this conception oi progressive 
outlook, whicli iorms the basis of the theory ol cubical 
module propounded by Bemis and ins collaborators. 
In his treatise reierred to above the author gave a very 
complete theoretical discussion, but avoided any im- 
plication oi restriction either to building products, 
or practice m particular. Realising a need oi trans- 
ferring, the theoretical ideas and implications of this 
form oi design, The American •Standards Association 
(sponsored by the American institute oi Architects 
and The Producers Council Inc., U.S.A. anil with the 
project stali provided by Modular Service Association), 
set up a project (A6l') to lay down the standards of 
modular units for building purposes. r J he outcome 

01 their eilorts is seen in the present volume under 
review, which forms a guide for the coordination of 
dimensions of building materials and equipment. Tho 
work is justly dedicated to Bemis, and prepared under 
the able guidance of America's leading architects, 
and engineers. 

There are 12 Chapters, and 3 Appendices. The 
first chapter deals in general with the broad principles 
of the subject and explains clearly the importance of 
dimensional coordination in building work. Chapters 

2 to 11, discuss the application of the principle to dif- 
ferent classes of work, such as masonry, facing tile, 
floors, wooden frame, doors, windows, stairs and glass 
blocks. As a concrete example of the ideas, the last 
chapter contains photographs of the architects’ drawings 
for a No w York Health Centre, in which are included 
a variety of modular products. 

The flexibility of the system in applying the module 
as size increment is clearly described m Appendix A, 
while Appendices B & C deal with height coordination 
tables, and some American standards, respectively. 
Tho adoption of a 4 inch module as the standard 
American unit forms the keynote of the whole modular 
conception, while its applicability in units not exactly 
multiples of four, but allowing for clearances and toler- 
ances to suit practical construction needs, forms one of 
the most admirable property of this system. 

Profusely illustrated with accurate scale drawings, 
lavishly produced and lucidly written in conformity 
with the usual American texts on architecture, this 
volume forms a notable addition to the scanty litera- 
ture on the architectural science of modular coordi- 
nation. 

8. 2C. G. 



384 


SCIENCE AND CULTURE 


Vol. 14, No. 9 



LETTERS TO THE EDITOR 

[The Editors are not responsible for the views expressed in the letters .] 


BUREAU OF PLANT INDUSTRY 

It- i« inspiring to note that Indian scientists are 
becoming increasingly conscious of tho need of reorgani- 
zation of agriculture in India on more modern, wider, 
and effective lines. 

Chopra has advocated the establishment of a 
Bureau of Plant Industry and several other collaborating 
agencies on the model of the U. S. Department of 
Agriculture. 1 Botanical Society of Bengal, 2 Calcutta, 
has similarly urged upon the Governments of Bengal 
and of the Indian Union. 

Reading these accounts with respect to context, 
there appears to exist some confusion of thought. The 
“Bureau of Plant Industry” (of U.S.A.) is neither an 
advisory body nor one concerned principally with 
Drug industry. Its sphere of activities is very much 
wider and deals with innumerable agricultural crops. 
“Division of Drug and Related Plants" was only one of 
tho 18 divisions into which the activities of the Bureau 
are divided; since August, 1940 the Drug Division has 
been amalgamated with the Tobacco Division under the 
present name of Division of Tobacco, Medicinal, and 
{Special Crops. In fact, the name of the Bureau even 
has long been changed to ”The Bureau of Plant Indus- 
try, JSoils and Agricultural Engineering” in response to 
Executive Order 9003, February 23, 1943.* 

Though in itself the Bureau of Plant Industry, 
Soils, and Agricultural Engineering is a huge organi- 
zation, it is just one of the several similar (or even 
bigger) Bureaus and other constituent agencies under the 
U.S. Department of Agriculture^ 

The writer with his background of service experi- 
ences of several years’ work in a provincial agriculture 
department in India has, during the past year and a 
half, tried to study the organization of agricultural 
research, teaching, and extension work (t.e., bringing 
the laboratory results to use by the practical fanners) 
through several visits to the Headquarters and Field 
Stations of several of the Bureaus and agencies of the 
U.S. Department of Agriculture, sometimes working 
with them for periods, discussing matters with Bureau 
officials, deans of Agricultural Colleges and State 
Agricultural Experiment Stations. He is convinced 
of the dire need and imperative necessity of thorough 
reorganization of agricultural research, teaching and 
extension (= demonstration) work in our Indian Union 
if we, as a nation, are to forge ahead. And the sooner it 
is realized that the United States is as much, if not 
more, an agricultural giant as in industry, the sooner 
we try to ascertain the reasons behind such progress 
and harness the knowledge, the quicker shall we be 
able to provide enough food, raise our eoonomy, our 


health and the standard of life in our country, which 
is still 75 per cent agricultural. r 

Lastly, nothing can be done better than to quote 
from “The Report of the Secretary of Agriculture : 
1947” of U. S. A., recently published, to show how 
application of modem scientific and technical knowledge 
can revolutionize the agriculture of a country. 

“Survey of American ^agriculture emphasizes recent im- 
provements which amount practically to a technical revolu- 
tion In 1946 the production was 33 per tent 

greater than the average for the years 1935-39. About three- 
quarters of the increase resulted from technological develop- 
ments; only one-fourth may be attributed to the exceptionally 
favourable weather of the wartime and early postwar years.” 

Calculated in money, three-fourths of this 33 per 
cent increase represents 7 billion dollars or about 
2300 crores of Indian rupees' increase in the national 
(agricultural) income of U.S.A. , just within the span 
of a decade. Wo can well imagine how much we can 
increase our agricultural production by applying modern 
methods on our fertilizer-hungry soils, eagerly await- 
ing to respond with better seeds, manure, and a little 
technical handling. 

J. C. Saha 

College of Agriculture, 

Forestry & Home Economics, 

West Virginia University, 

Morgantown, West Virginia, U.S.A. 

30-4-1948. 

* Science & Culture, 13 p Indian Scu Cong . Suppl. pp.8-19, 

1948. 

# ” ” (Symposium note on) Indige- 

nous Medicinal Plants, pp. 286. 

* Under several Acts, passed in 1936, 1938, and 1940, 
research in agricultural engineering, chemical control of weeds, 
soil fertility, and soil microbiology work, soil chemistry and 
soil physics, and the soil survey work were transferred to this 
Bureau. 

§ For proper understanding of the entire agricultural set- 
up as it exists in U.S .A. on Federal level, a frame work of U.S. 
Department of Agriculture in details will appear in a subse- 
quent issue of this journal. — E»r, Sci. d? Cut. 


TWO NEW COAL SEAMS IN THE 
HIMALAYAN TERRAIN 

Between 1889-90, Bose, while prospecting for 
coal at the foot-hills of the Himalayas in the Darjee ling 
district, detected workable coal seams in the Gondwana 
formation in the Tista-Chel Reserved Forests between 
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the Lish and Ramthi rivers. The held is situated 
north of Bagrakote railway station (88° 85 'K : 27'*’ 511' 
N) within four miles reach. The Bagrakote station 
is on the Bengal plain. The “Himalaya Coal and 
Mineral Industries Ltd.” are now raising coal from the 
seams included within the area between Bagrakote - 
Kalimpong road on the east and Lish river on the 
west. 



Mrtp of Ramthi river urea. 

A report on this ami together with a geological 
map on 8"*- 1 mile scale was published by Bose 1 . He 
gave also an account in detail of the economic, geological 
and other important aspects of the coal seams between 
Ramthi and Lish rivers. In his map he traced many 
coal seams and many bore-hole pits made by him 
were also located in that map. 

The persistent character of some of the seams 
over long distances as shown by him in his map is 
rather questionable. Observations by the present authors 
on distinct outcrops exposed by workings in the colliery 


area has shown that most of the seams are quite impel - 
sistent, occurring as lenses and pinching out within 
short distances. 

Besides they have come across two coal seams on 
the western bank of the Ramthi river, which have not 
been recorded by Bose and which are in quality as 
good as those now* being worked in the colliery areas. 
These two seams together with another carbonaceous 
shale band are situated within about 20 yds from the 
tertiary -Gondwana boundary. In the map of Mr. 
Bose 4 bore hole pits are located further N.N.K. about 
440 yds. off; the two seams mentioned above seems to 
have been missed by him, evidently because his atten- 
tion was focussed more strongly on the ground in the 
immediate vicinity of the Bagrakote-Kalimpong road. 

The first seam from the Tertiary Gondwana bound- 
ary is 12 feet thick and the second one about 15 feet. 
The dip is high nearly 00 towards N.N.K. The latter 
seam is, however, highly intruded by igneous rocks 
which has burnt a good deal of coal at the contacts. 

The prime difficulties in working these seams wall 
be: (?) Transportat ions etc.; (it) Quarrying is possible 
to a limited extent, and underground mining wall 
require efficient skill of mining engineers to dig at such 
a high gradient with tremendous overload of sandstone 
hill mass over it; (Hi) Cost of mining will be very high; 
(iv) Inspite of all these difficulties, even if they are 
mined underground, in the rainy seasons there wall 
be heavy rush of river waters within the mines and 
w ill completely disrupt the workings: and (»») The friable 
nature of the Himalayan coal will be an additional 
factor for roof collapse. 

Proximate analysis (sec Table below ) of the coals 
from the 1st and 2nd seams on Ramthi together with 
two analysis of coals No. OB and No. 4 quarries of 
Dalingkot Colliery area will give a comparative idea 
as to their qualities. 

BlMALKNDU MuKHEKJEE 

Satyendra Kumar De 

Geology Department, 

Presidency College. 

Calcutta. 

20 - 9 - 1948 . 

1 Bose, P.N — j Rec. Geo . Surt\ hid. 2J, pan 4, 1 890, 


PROXIMATE AnALVSIH -CALCULATED TO COAL DRIED AT ROOM TEMPERATURE 



i 

Analysis by 8. K. De 

j 

Analysis by 





l\ Kar. 


It ninth i 

Q. 6B 

Q. 4 | 

Ham thi 


Seam No. I 

Dalingkot 

Dalingkot , 

Seam No. 2 

Moisture* 

3*08.57% 

178% 

2-24% ; 

4-230% 

Volatile mu Him* (Ips* moisture) 

7-823«% 

17-08% 

2-27% j 

8011% 

Vixoil carbon 

66-5517% 

68*65% 

31-82% I 

54-028% 

Ash 

22- 6447% 

22*481% 

63-67% ! 

37-059% 

Total 

1 00-00 

! 100*00 

100-00 j 

100-00 

Quality of Ash 

Colour reddish, slightly 
fusible, ferruginous 

i Whit©, powdery, 
non-fusible 

' White, j 

non-fusible 


Coking quality V , ' 

Fixed carbon ealeulrtted 

Non-caking Coal 

Non -caking 

Non-caking j 

# 

on ash free baiis^ 

85-91% 

75*05% , 

87-61% 
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OPTICAL SPECIFICITY OF PROTEIN 
HYDROLYSATES 

Natural tissues exhibit ordinarily a high degree of 
optical specificity. Diverse in their configurational 
individuality and residual aminoacids the proteins 
and their degradation products should cause a distinct 
and characteristic path on the scale of asymmetry 
for each protein. But as the laevo- acids of a protein 
hydrolysate is found to be metabolised in the system, 1 
it would be of interest to study the optical specificity in 
protein hydrolysates that are now being largely used 
in therapy. This may also be a measure of ascertaining 
the nature as well as the nutritive value of the protein 
hydrolysate. 

Accordingly casein, gelatin, beaf meat, egg albumin 
(separated from its globulin component) and raw ox- 
liver were digested with pepsin, papain and trypsin at 
50°C for 48 hours and changes in their optical rotation 
with the degree of hydrolysis were recorded ( Vide 
Fig. 1) with the Smidt and JHaench polarimeter. The 



1, Gelatin; 2 Casein; 3. Albumin; 4. Moat; 5. Ox Live*. 

Fig. 1 

hydrolysate in each case was treated with equal volume 
of 5 per cent trichloracetic acid at room temperature 
(32°C-33°C) and the filtrate was used for the determi- 
nation of total nitrogen a-amino nitrogen (Vandyke 
manometric method) and the optical rotation. The 
degree of hydrolysis expressed in the graph was the 
ratio between the a-amino nitrogen and the total 
nitrogen. The specific rotation w as calculated from the 
observed rotation by the formula 2 

100 x observed rotation (degrees) 

length of the tube (dm) x gin N, per io6 c.e. 

It would appear from the graph (Fig. J ) that each 
of the protein hydrolysates exhibits roughly a linear 
relationship between optical rotation and the degree of 
hydrolysis. Further each follows a distinct and charac- 
teristic path of its own. Decrease of optical rotation 
with the progress of hydrolysis of proteins may be due 
to either increase of symmetry alone in the fragmented 
molecules or the increased formation of antipodes or 
due to both. Absence of identity in the angles of slopes 
in various hydrolysates may be due to the factors 


cited above. A similar study is being made with 
acid hydrolysates and their difference would show the 
influence of the enzymatic hydrolysis in tending to 
maintain the asymmetric specificity of the mother 
protein in the hydrolysate. The details of the work 
would be published elsewhere. 

N. Ray 

Bengal Immunity 
Research Institute, 

Calcutta, 

18.11-1948. 

1 Chibnall et al, Biochem . J 34, 285, 1940. 

* Winnick and Greenberg, J. Biol . Chem. 137 , 429, 194L 


STUDIES IN ANTIMALARIALS; 

HOME N^-AHYL-N^HETEROCYCLIC-BIGUANIDES 

With the discovery of Paludrine (NLp-chloro- 
phenyl- N" -isopropyl biguanide) as a potent antimala- 
rial 1 , sufficient interest has been developed in the field 
of substituted Inguanide derivatives as potential anti- 
malarials. The replacement of NLp-chlorophenvl 
group of paludrine with substituted phonanthryl* 
and fi-methoxy-8-quinoly! groups' 1 resulted in com- 
pounds which were found to be inactive w hen tested 
against experimental malaria. It is therefore likely 
that an aryl group (particularly p-ehlorophenyl-ring) 
is essential for activity in this class of compound. The 
N 6 -isopropyl group of paludrine has been re]) laced by 
substituted aryls 1 , p-phcnylarsonic acid 4 , quinolyl- 
groups r ‘>° p-phenylsulphonamide (substituted or other- 
wise) 7 * 8 (Type A) and m-phenyl (5-chloro-2-pyrirnidyl) 
sulphonamidi\ 8 * out of which the last two types of 
compounds when tested against avian (p. gallinaceum) u 
and semi an (P. kvowlesi ) 10 malarias have shown mo- 
derate suppressive antimalarial activity. As an ex- 
tension of our previous work it was thought worth- 
while to prepare “sulphonamide freo^ analogues of 
sulpha- biguanides (Type A) previously reported, where 
the effect of a therapeutically important heterocyclic 
ring systems directly attached to N°-position of an 
N J -aryl biguanide could be studied. Consequently com- 
pounds of type B w ere synthesised by the interaction 
of required aryl-cynoguanidine with 2-aminothiazole 
hydrochloride and were obtained as white crystalline 
hydrochloride salts. 

x<^ \ NH-r NH-f - nh( Nso.nh.r, HCL 

\ ' !! If 

iNH NH Type “A*' 

R=r-2-thiazolyl, 2-pyrimidyl, 4-methyl-2*pyrimidyl, 
H , etc. 

X FT. d, Bt t etc. 
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N~ OH 

/-V II II 

X/ > NR-C-NH-C-NH A) OH, HCI. 

II II \ / 

NH XH 8 Type “b” 

m.p. in °C. of compounds of type B. 

X =* H, 260° decomp.; X — Cl, 294° decomp.: 

. X = 3 Br, 183°; X *-= 1, 285° decomp.; X — CH,,, 
202°; X - CH*0, 307° decomp.; X - N0 2 , 240 
decomp;. X ~ H, 2:3-dimethyl, 25 1 °C. 

One of the compounds of type B (where X — 01) 
when tested avian malaria was found to be slightly 
active though toxic. Attempts to bring about simi- 
lar condensations by the interaction of p-chloro phe- 
nylcyanoguanidine with the following amino-hetero* 
eyelics by (/) refluxing the reactants in suitable sol- 
vents, (it) fusing them together or (Hi) by using copper 
sulphate for the isolation of the biguanide as the metal- 
lic complex, were unsuccessful: 

4-M(*thyl-2-aiiiinothiazole, 0-Methyl- 2-ami not li ia- 
/ole, 5-amino-2-chloro-7-methoxy-aeridine (utehrm 
base). 2-ainino-0-hydroxy-4-methyl-])yiimidine 1 2- 
amino-0-ehloro-4-methyl-pyrimidine and 2-amino- 4* 
methyl-pyrimidine. Similar failures of reactions have 
also been reported by May et al :t and Gupta & (4uha*\ 
These may be due to the selective nature of the amino 
groups in the above eases. The problem is being 
further investigated. 

Our thanks are due to Dr. B. H. Iyer for his keen 
interest and to the Indian Research Fund Association 
for the award of' a fellowship to one of us (H.L.B.), 

Organic Chemistry Laboratories, H. L. Kami 

Indian Institute of Science, * V. 0. Doha 

Bangalore. 27-11-1948. 

M’urd& Hose, J. Chew. Soc 729. 1949. 

-May, J. (try, Client., 72. 437, 443. 1947. 

“ May et nL , ibid.* 899. 

4 Roy, Iyer & Guhtt, Current Science, 17, 129, 1948. 

R Gupta, Tyor <fc Guha, ibid., 53. 

0 Gupta & Guha, ibid., 185, 238. 

1 Bami, Iyer & Guha. J. Indian fmt, Sci,, 29 A, 15, 1947, 
(cf. Current Science, 16, 254, 1947.) 

* Indent., Ibid, 3 tM, 1, 1948, (cf. Current Science, 17, 90, 194S). 

hA Jndctn ., ibid, 9.(cf. Xature, 162 , 146, 1948). 

» Indcm., Current Science, 16, 386, 1947. 

lu Personal Camuni cation. 


A CASE OF TERATOLOGY IN ERlOCAVLO A 

An interesting ease of abnormality has bum re 
cently noticed by us in Eriocaulon quitiqmimjufun’ 
Linn. The specimens were collected by Dr. H. I\ 
Mooney, from Motijliarun, (alt. 600 ft.), Nambalpur. 
Orissa on February 7, 1948 (Mooney 2989 in Herb. 
Debra Dun et Herb. Kcw). In his forwarding letter to 
the senior author, Dr. Mooney wrote regarding his 
specimens as follows: 

“I am sending you herewith a rather curious Eriocaulon 
which T collected %fhw days aero elowe to my bungalow here 


in a muddy patch of ground which has yielded some quite 
interesting plants in the past. Is it a form or vuriety of E. 
quinquanyulare which is abundant all over the ground where 
this specimen was found, or is it a separate species? I returned 
Fy son’s Eriocaultnw the day before 1 found this plant, but 
1 do not recollect having seen anything like it recorded therein. 
The secondary pedunclod heads, forming a partial umbel are 
decidedly euriouB and 1 have seen nothing like them. This 
specimen occurs scattered here and there throughout the area 
( ceupied by E. quinquanyulare and there do not appear to 
be any intermediate forms.’* 

The ilowers of Eriocaulon, as is well known, are 
arranged in eapitula. It was noticed, that some of 



\ 


Fig, 1 

the eapitula have developed additional bracts. These 
bracts are scarious, more or less subulate, .and longer 
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than the normal bracts. At the axils of these bracts 
a few secondary, 10-15 mm. long peduncles are deve- 
loped, which terminate in secondary capitula. The 
feoondary iapitula are much smaller in size when 
Compared to the primary or normal capitula. The 
lower half of the normal capitulum contains the usual 
.normal florets (Fig. 1). It appears that the forma- 
tion of the secondary bracts precedes the formation 
of the secondary capitula. In the Herbarium of the 
Royal Botanic Gardens, Kew there are two old sheets 
of E. qvinqvavgulare Linn, collected in South India 
(without precise locality) which exhibit the develop- 
ment of secondary bracts, but not secondary capitula. 
One of these is referred to in Wallich’s catalogue No. 
7279 as E. martianum Wall, ex Koen., and the other 
was given the significant name E. argentevm Mart, 
var. prolifer urn Wight. The latter name is recorded 

in Wight’s catalogue 2{it>7b; 1833. 

• 

Foliar or floral proliferations arc of frequent oc- 
currence in nature and these are usually induced by 
various factors. In the garden varieties of Calendula 
( Compositav ), similar floral proliferation has been 
noticed. So far we have been unable to trace any record 
of teratology in the genus Eriocaulon , although, Pen- 
zig 1 has suggested that in the allied genus Paepalan - 
thus (Eriocaulnceae) , some degree of proliferation spe- 
cially in the species of the section Platycaulon is of fre- 
quent occurrence. In the numerous cases of abnor- 
malities recorded by Masters 2 and WorsdelP there is 
also no record from the genus Eriocaulon. 

It may not be futile to advance an explanation for 
the present abnormality. We feel that this was in- 
duced by the peculiarities of a very wet environment 
with perhaps some flowing water. Neither of us has, 
however, seen the plants in the field and our sugges- 
tion should therefore be only provisional. It is likely 
that the secondary capitula when detached, may be 
able to establish the plant in the substratum in view 
of their secondary peduncles but only intensive field 
observations can give us more precise information on 
this aspect. 

Acknowledgement is due to Sri V. Narayana- 
ewami, of the Botanical Survey of India, Calcutta, 
who kindly examined the specimens and confirmed 
that they are E . quinquctngulare Linn. 


Forest Research Institute, 

Dahra Dun, and M. B. Raizada 

Royal Botanic Gardens, Kew , D. Chatterjeb 

fi- 12- 1948. 

1 PenzUf, O. Pflanzeu - T( ratologi©; Karlin, p. 418, 1922. 

• Misters M.T., Vegotable Teratology; London, *869, 

1 Wors i 'll, W. C., Print iplea of Plant Teratolo^jy ; London, 


DESIGN OF AN ISOTHERMIC CONTAINER FOR 
TRANSPORT OF SEMEN 

In order to transport semen to different places 
in India for artificial insemination of animals, investi- 
gations were undertaken to design a light, shatter- 
proof container which would maintain a temperature 
within the range of 5 to 10°0 for about 4 days. Preli- 
minary results indicated that with further heat-insu- 
lation, the ordinary 3-pint thermosflask may serve 
the purpose. Of the different available insulation 
materials experimented upon, asbestos proved to be 
the best. For obtaining the required temperature 
range within the container, a second thermosflask con- 
taining solidified benzene was placed inside the 3-pint 
one. Arrangements were made by means of a spe- 
cially designed socket stand and a spring-fitted rubber 
cork so that the smaller thermosflask, in diameter 
and 7* in height, made no lateral movement when the 
ice melted. The semen ampoules were placed in a 
long glass tube' with an interior cotton wrapping in 
solidified benzene. The wrapping was to prevent 
any cold shock to the sperms. 

The complete system was designed as follows : 

Asbestos boards were fixed to both the exterior 
and interior of a wooden frame- work so as to leave 
an effective air gap of on each side of the box. A 
spring-mounted aluminium bucket was fitted to the 
bottom plate to hold the thermosflask. The bottom 
plate was made of a wooden board with interior as- 
bestos insulation and w r as fitted to the container by 



means of screws. The top cover, made similarly, 
had a spring-suspended asbestos groove made from as* 
bextos sneeis so as to tit tne neCK ot tne tUermpsnask. 
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Thus the 'thermosfiask 'was prevented from having 
any lateral motion. top cover was fixed to the 

frame- work by*a big screw operating in a horizontal 
rod resting on the top cover. The entire structure 
again rested on four spring-controlled stands. The 
photograph shows the assembly of the container. As- 
bestos boards from one side ot the box were taken out 
for showing the details. 

* . Results of an experiment to investigate the effi- 
ciency of the designed container are given lelow : 


Atmos. 

temp. 

Wt. of ice 

Time 

Temp, rise of 
Benzene 

Semen 

Motility 

°C 

°F 

Grms. 

Hours 

°C. 

% 


(Initial GC) (Initial 80%) 


37 

0«.tt 

850 

72 

I 

SO 




78 

5 

00 




92 

11 

60 


Benzene vapour has deleterious action on the 
sperms even when the semen is kept in stoppered vials; 
still it is advisable to use glass ampoules. 

About 20 tbs. in weight, the container has been 
designed rigorously shat terj roof and chances of da- 
mage to itself and to its contents are almost eliminated. 
It can be used throughout the year, except of course, 
during hottest summer days in certain parts of the 
country. Under average North Indian summer condi- 
tions the time of storage will vary from 72 to 100 
hours, while in winter, it will be from 120 to 144 hours. 

The author is indebted to the Late Prof. P. N. 
Ghosh and to Prof. S. N. Pose of the University College 
of Science & Technology, Calcutta for providing labo- 
ratory facilities for this work. 

Animal Genetics Section, S. B. Deb 

Indian Veterinary Research Institute, 

Izatnagar, 21-12-1948. 


PARA AMPHIBOLITES AND ASSOCIATED CALC- 
SILICATE ROCKS IN PAHARGORA, EAST 
MANBHUM 

The calc-granulites and schists with interbanded 
amphibolites occur to the north of Pahargora, East 
Manbhum, Bihar (73 1 V»23°37' N, 86°44'30* E approx.) 
as a comparatively persistent band for a length of 
about two miles. A second band of similar dimen- 
sions occurs near Kcliaboni Kaehbel and a third, al- 
most wholly an amphibolite, occurs to its south. They 
occur in a conformable sequence with sillimanite-mica 
schists and gneisses, quartz-mica schists etc. 

The calc-granulite has the appearance, in hand 
specimens, of a white marble, more or less granoblas- 
tic with green streaks of tremolite imparting a faint 
gneiss osity, and at places with a sort c f glomero-por- 


phyritie concentration ol considerably big crystals of 
tremolite and calcite and occasionally also diop side. 
The rock has been crossed, at umes, by pegmatites 
and granite veins of various dimensions, and near 
thin granite veins excessively coarse grained rocks 
with big crystals oi diopsiae and/or turnoff to have 
been developed. The titmolitc-diopbicle granuiite and * 
almost pure calcite marble with vailing proportions 
of these two chief constituents form the dominant 
types and are seen to vary widely in composition, 
both laterally and along depth. Lenticular patches 
ot amphibolite schists within the granuiite is very 
common, and in more than one instance the gra- 
nuiite or the gneiss is seen, along the strike, to pass 
gradually ana imperceptibly into amphibolites. In 
some cases, however, the latter lcims more or less dis- 
tinct units, though tLeir It or cants aie never shaip 
enough. The gradual and inegular passage ol one 
type into the other m all directions is seen even in a 
tmall compass. The amphibolites show a jtcunar 
planar schistosity (rather closely cleaved) that dis- 
tinguishes it, remarkably in lard specimens, from 
amphibolites associated and connected with noritic 
rocks that occur elsewhere in the region. 

Petrography'. Cn the mineral contents, the rocks 
may be described under three groups, as follows : 
(i) Diopside-tremolite granulites and gneisses with or 
without calcite and with alternate, thm, impersistent 
bands of almost pure calcite marble passing on through 
(it) hornblende-diopside rocks into (hi) amphibolites. 

The amphibolites differ from ortho-amphibolites, 
in its feldspars being more calcic (An 82 ; XAAb.Tw 
— 30°.5; -ve) and the mica being phlogopite. The 
associated rocks have the iolk wing mineral contents: 
uiopside, tremolite, calcite, } lagioolase, mierocline, 
quartz, sphene, phlogopite, scapolite and clinozoi- 
site, in different proportions throughout the mass. 
The plagioclase is An 74 (r. L>Ne of quartz; 2V (JL ~88°). 

Sometimes plagioclases of above composition, 
or more calcic feldspars are found to be surrounded 
by a rim of albite. Calcite cores with frayed and gra- 
dational border within plagioclase is also not rare. 

It is evident that sodie plagioclase has reaoted with . 
calcite to give more basic plagioclase, cores of which 
merge into the albite rims. 

The addition of K, Na, Si, A1 etc. is proved by the 
presence of mierocline aul of pegmatites containing 
albite (ft — 1.526 ±.002; y = slightly greater than 
1.5303, 4 ve) or mierocline, besides the texture des- 
cribed above. 

Chemical composition of the amphibolite shows 
some abnormality in having a high CaO and K s O and 
low Fe" and Fe'L lnspite of this striking difference, 
however, the computed Niggli values fall well within 
the eruptive field (section IV, with c/frn 2.03 and qz 
-16.). The difference from ortho-amphibolites is ac- 
counted for by the presence of bytownitic plagioclase 
instead of the common andesinic feldspar, phlogopite 
instead of biotite, and aluminous iron-free amphiboly 
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Analyses from different parts of the exposure 
show a more or less constant relationship between 
CaO and MgO and between the alkalies. The differ- 
ence in phases in different parts of the mass has for 
its explanation an original difference in composition 
and not an unequal entry of foreign elements. Horn- 
blind a and treraolite are seen to bear a more or less 
complementary relation. Towards the contact of 
amphibolite and granulite the former is seen to 
be composed of hornblende and diopside and 
the latter of treraolite and diopside. The composi- 
tion of tremolite is, according to Sclialler, H 2 Ca 2 Mg 5 
(SiO,). 1 . Presence of aluminous impurities, thus, would 
explain the formation of hornblende instead of tremolite. 



Fin, l 


The hornblende fabric of an amphibolite was stu- 
died. The ac hornblende fabric 2 of a specimen gave 
four maxima symmetrical about ab nearly on the ac, 30° 
to 35° from a (Fig. 1). The (010) planes of hornblende 
are thus found to be nearly parallel to ah and the crys- 
tallographic V is parallel to b. With most horn- 
blende crystals it is seen that the (010) is the flattest 
surface. The fabric appears to be dimensional and 
is perhaps a re-crystallisation fabric? controlled by the 
incipient ab plane. Sander 8 describes a hornblende 
orientation where the crystallographic V axis is paral- 
lel to b and (100) lies on the ab plane. The study is 
still in progress. 

Departments of Geology, »S. Sen 

Calcutta University & 8. Raychaudhuri 

Presidency College, B. Mitkherjee 

Calcutta, 8-2-1049. 

1 Bowen, N. L. and Posnjak, E„ Amer. Journ. Sci. 22, No. 129, 
1931. 

* Sen, S., Quart. Journ . Geol, Min, Met . Soc, Ind ., 20, No. 1, 1948. 

• Sander, B. Gafupektmde dor itatteine. 1930. 


VERNALIZATION AND PHOTO PERIODISM IN 
AFGHANISTAN* WHEATS 

Afghanistan is a typical dry mountainous coun- 
try with scanty annual rainfall of about 16 inches* 
The hill tops are mostly barren otherwise studded with 
xerophytic type of vegetation. It is estimated that 
about half of the tilled lands in Afghanistan is under 
unirrigated crops. The riverine belts are however,, 
rich in cultivated crops, where sufficient water 
is available and is capable of being distributed for irri- 
gation purposes over stretches of cultivable land. This 
difficult and poorly developed mountainous country 
holds in its folds, striking riches of varieties, displaying 
an astonishing diversity of the most important crop 
plants of the old world. Vavilov has studied the 
distribution of important crop types according to 
the altitudinal limits and have found wheat to be 
the most, important as well as widely distributed crop 
in Afghanistan. The topographical nature of the 
country is determined by Hindu -kush crossing through 
Afghanistan. The northern high mountainous re- 
gions sloping gradually towards the southern regions 
of the country. This mountainous nature of the coun- 
try with isolated valleys and mountain slopes with 
variable rapid changing climatic conditions, soil and 
moisture contents, are found to contain a large num- 
ber of different Ecotypes of wheat cr< p and other 
cereals, which have not yet been disturbed by human 
hands. Vavilov 4 has collected and described about 
60 established botanical varieties of soft -wheats (77/- 
ticum vulgar?.); and another 50 varieties of club-wheats 
(Triticmn compactum). Afghanistan, therefore, possesses 
such a diversity of wheat varieties as perhaps no coun- 
try in the world. The club and soft wheats are dis- 
tributed in parallel series and according to Vavilov, 
the world centre of the origin of these wheats with 
complex of 42 chromosomes are to he sought in these* 
regions of Afghanistan and adjacent countries, Af- 
ghanistan, therefore, is an ideal place for study of the 
natural distribution of different varieties of wheat 
in relation to their environmental factors. 

Therefore a scheme of study was initiated to col- 
lect the different varieties from the different regions 
and to investigate the effect of temperature and light 
periods on the grow th and development unuer control- 
led experimental conditions. The work of this kind has 
not so far been done in Afghanistan nor such results 
are available on different Afghan varieties of wheat 
from other countries as Germany 4 and Russia* (U.S. 
S.R.),. w here the different specimens of Afghan wheats 
have been taken through their respective expeditions 
in Afghanistan. The author 1 > 2 > s has done such in- 
vestigations on Indian cereals and other crops and the 
opportunity of staying in Afghanistan has been uti- 
lised to extend such investigations with materials col- 
lected in Afghanistan. The plan and the nature of 
the work require a long term period and for the pre- 
sent was divided into the following aspects: 

(i) Collection of different varieties of wheat from 
different regions of Afghanistan. 
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(it) Their systematic study, identification and 
classification. 

(in) The established botanical varieties to be 
sown in the Kabul area under {a) natural 
conditions of sowing before the snowfall 
and (6) in the beginning of spring after 
boing vernalized. 

( iv ) Ttye effect of different post-sowing photo- 
periods to find the minimum conditions 
required for the initiation of the develop- 
mental stages both in spring and winter 
varieties of wheats. 


and (v) To test the response of the different varie- 
ties by growing them in different environ- 
mental conditions as prevailing in India 
for their propagation. 

The preliminary work done in course of last two 
cropping seasons is briefly reported here. Though 
a large number of varieties were collected yet investi- 
gations were conducted only on 3 varieties of soft 
w heats (Triticum vulgare) and 3 varieties of club wheats 
(Triticum com pactum) found widely distributed in 
Kabul valley area and identified according to the clas- 
sification of Vavilov 4 . 

* 


Triticum vulgare 
var. graecum 
Var. erythrospermvm 

var. erythrolevcow 


Triticum com pactum 
var. rufulum. 
var. rub rum. 

A ar. splewdeu*. 


391 * 

Normal sowing is generally done in Oetober- 
Novembor, the sprouted seedlingB remain under iow 
temp, varying in the end (Jan-1 eb) near about freez- 
ing point to snowfall. In this period the seedlings 
get their low temp, requirement. The seedlings begin 
to grow and give out tillers after the snow r begins to 
melt from March onwards. The ear-emergence be- 
gins from May onwards and harvesting is done from 
July onwards. The seedlings get their light period 
requirements in the form of increasing long uay period** 
up to a maximum of 18 hours light periods alternating 
with 6 hours dark period. Any alteration in the se- 
quence of temperature and light conditions bring 
about significant changes in the growth and develop- 
ment of the different varieties, 'therefore a set was 
sown in laboratory as well as under field conditions 
in the end of March (in the beginning of the spring sea- 
son) after being vernalized for 30 days under snow kept 
in an ice-box. The other set w r as sown without ver- 
nalization as control. Later, when the seedlings were 
one month old they were given different light periods 
for 8 weeks and then allowed to grow r under natural 
conditions of long day lengths. Ihe results are tabu- 
lated below giving the number of days required for 
ear-emergence from the time of sowing. 

From the results it is clear that in late sow- 
ing, when the required cold temp, was not available 
to the seedlings, developmental stages leading to ear- 
emergence arc not completed as shown by control 


Table 


Showing 1 1 **- number of days required lor enr-einergeileo in different Varieties 
under vernalization and photoperiodic treatments. 


Varieties 

Treatment 

Post-sowing light periods of varying day -lengths. 

Remarks 



Control 

1 1 2 hours 

i 

10 hours^ 

1 8 hours 


T, vulgar**- - 

, Vernalized 

i 95.4 

97.8 

127.5 

j Disintegrates 

Behaves like 

var. graecum 

: Control 

No Ear 

No Ear 

No Ear 

j 

a winter vnr. 

Var. ery thro ft per- 

Ver. 

90.0 

08.5 

120.4 

! Surv ives but no 

• 

mutn 

Control 

No Ear 

No Em* 

No Ear 

' tiller formation 

ditto. 

var. erythroleucou 

Ver. 

1 85.0 

88.0 

128.5 

j No Ear emerg. 

Behaves like 

Control. 

90.4 

98.4 

129.5 

, No Ear emerg.* 

i 

a spring var. 

T, compactum : — 
var. rufulum 

Ver. 

98.8 

100.0 

124.5 

i 

! No Ear emerg. 

Behaves like 

Control 

i 85.7 

98.2 

130.7 

! No Ear emerg, 

j 

a spring var. 

var. rubrum 

Ver. 

i 

120.5 

102.5 

No Ear 

No Tiller 

Behaves like 


Control 

No Ear 

’ 

j No Ear 

i No ear 

i 

M 

a winter var. 

var* splendent 

j Ver. 

98.7 

112.0 

»* 

Disintegrates 


| Control 

No Ear 

No Ear 

i 

»* 


>* 

i 


7 
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experiments, but they are completed under a combi- 
nation of low temp* (vernalization) and post-sowing 
light periods of 12 hours or more alternating with dark 
pierioas. Certain varieties, however, respond to a 
modification of the factors under a limited range and 
it ifl possible to classify varieties according to their 
temp, and light conditions into winter and spring 
varieties from amongst the Afghan varieties. None 
of the varieties could stand a short period of 8 hours, 
under which the seedlings either disintegrated or re- 
mained in a very poorly developed condition without 
tiller formation. A light period of 10 hours seems 
to be the minimum requirement for the photodcvelop- 
mental phases to be completed, provided the other 
factor (cold temp.) had been available in the early 
stage. The temp, range and the photo range vary 
in different varieties and it is possible under certain 
limits to fix up a critical range of these factors in ease 
of each established botanical variety. 

Further work is still in progress and detailed re- 
ports would be published elsewhere. 

Department of Botany, B. K. Kar 

Faculty of Science, 

Kabul University, 

Kabul, Afghanistan. 

14-2-1949. 

1 Kar, B. K., Trans. Bose ties. Inst ., 15, 105, 1942-43. 
*Kar,B. K., and Adhikari, A., Sci. ani> Col. 10. 506, 
1944-45. 

* Kar, B. K., Nature , 147, 811, 1946. 

♦Vavilov, N.I., Bull. Applied Hot., Leningrad., 1922. 

■ Deutsche in Hindukush. 1 935. 

SYNTHESIS OF AMINOAC1DS. PART l : 

A novel synthesis of dl -Methionine 

The reaction of hydr azoic acid with substituted 
jS-keto esters affords a convenient way to synthesise 
a-aminoacids in excellent yields 1 and was employed 
for the preparation of glycine, leucine, a-aminobutyric 
acid, a-aminoainylacetie ae»d, phenylalaline and others 
from the corresponding aeetoacetic ester derivatives 
in 80-98% yield. The present communication des- 
cribes the extension of this reaction to the synthesis 
of dl-methionine. 

In response to a request by Prof, S. R. Bose we 
prepared a sample of methionine on the first hand by 


the route involving the classical method. 2 In view of 
the nature of the starting materials at our disposal 
the method seemed to be somewhat laborious. In an 
attempt to discover an easier method we were led to 
the following procedure involving two simple opera- 
tions starting fron ^-ehloroethylmethyl-sulphide. 
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Methionine NH 2 

/Lchlorocthylmethyl sulphide (I) was reacted with 
the sodioaceto-acetieester to yield /?-methylthioethyl- 
acetoaoetate (IT) b.p. 135-40/5mm. The latter was 
treated with hydrazoic acid in absolute benzene in 
presence of concentrated sulphuric acid. The pro- 
duct on hydrolysis with dilute sulphuric acid and remo- 
val of sulphuric acid by calcium carbonate followed 
by extraction with isobutvl alcohol yielded methionine 
in.p. 275-8°. 

We place on record our deep sense of gratitude to 
Prof. S. N. Bose for his guidance and encouragement. 
We are indebted to Dr. P. K. Bose, Director, 1-ac Re- 
search Institute, Namkum (Ranchi), for the gift of 
some of the chemicals required for this investigation. 

JaOITGOPAL tlUTTA 
JUnjit Srnuupta 

University College of Science 
and Technology, 

92, Upper Circular Road, 

Calcutta. 14-2-1949. 

1 Schmidt, Z. anyew . chmt, 36, 511, 1923; Acta aeatl, Abocmis, 
Math . et.Phys.2, 38, 1924; Ber. 57, 704. 1924; Orgamo Re- 
actions, Vol. Ill, 308, John Willoy & Sous, !nc„ New 
York, 1946. 

•Organic Synthesis, Coll. Vol. II, 384, John Willey & Son*, 
Inc., 1947. 
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BIOLOGICAL RESEARCH AND TEACHING 


JT may appear paradoxical, but still it is a fact that 
man’s interest in nature has been in proportion 
to the distance between him and the subject of his 
study. The objects furthest removed from him have 
always exercised a strong fascination on his mind. 
The sun, moon, stars and their movements attracted 
his attention even in pre-historie times and the science 
of astronomy was oik* of the earliest to come into being. 
The present age is little different. We are all thrilled 
by discoveries of new galaxies, stars, comets, cosmic 
rays and other phenomena associated with heaxenly 
bodies and news about them appear in our daily papers. 
Man has worked very hard and spent immense money 
and energy in the attempt to discover the laws govern- 
ing the physical universe. He has shown keen interest- 
in every aspect of inorganic nature, which has finally 
led to the discovery of the structure of the atom and 
even the utilization of the energy bound up within it. 

We have, on the other hand, shown much less 
inclination to pursue the sciences concerned with the 
study of living organisms. Biological sciences, there- 
fore, all the world over with the possible exception of 
medicine perhaps, are in a comparatively less advanced 
condition and occupy a lowly status. Yet, the future 
welfare and happiness of mankind are ultimately 
bound up with the pursuit and cultivation of these 
sciences. As Sir Henry Tizzard stressed in his recent 
Presidential Address to the British Association at 
Brighton, “Whatever new comforts and luxuries may 
be provided in future by the advancement of physical 
science, it is on the development of biological sciences 
that the peace and prosperity of the world will largely 
depend*’,* Similar views have also been expressed in 
re«ent times by Dr Julian Huxley, Sir John Boyd 
Orr and several other distinguished savants. 

Viewed in this light, we have read with much 
interest Prof. A. C. Joshi’s Presidential Address, 
a large part of which is printed elsewhere in this issue. 

•See Science and Culture, 14 t 283, 1949, 


The address draws attention to the backward state of 
biological research and teaching in the country in 
several directions and suggests suitable measures to 
raise its level. 

Science has now come to be generally recognized 
as the growing point of human advance. Therefore, 
it is increasingly essential that it should function in a 
balanced manner. For this purpose, financial support 
of such character is needed for the different branches 
so that the result should be a well-proportioned and 
balanced growth of science as a whole. On account of 
the strong incentive of profit and defence requirements 
of the different countries, however, the world is far aWay 
from this ideal condition and science is unable to ac- 
complish all that is expected of it. 

Considerable progress has been made in India 
during the last few years, through the efforts! of the 
Council of Scientific and Industrial Research and other 
organizations to create opportunities for research both 
of a fundamental and applied character in several * 
branches of physical and chemical sciences and about 
a dozen National Laboratories are being set up in the 
different parts of the country. The biological sciences, 
however, have received no attention so far. Professor 
Joshi draws pointed attention to this lop-sided growth 
of science iji the country. It is a painful surprise 
for us to learn that importance of such departments 
of biology as physiology, ecology, genetics, micro- 
biology, systematies, etc. are not looked from modern 
developmental points of view and adequate facilities 
for their respective development do not exist in the 
country. The potential danger of such a situation 
should be obvious to any one, when it is realized that 
the solution of several urgent problems facing the coun- 
try, such as the rapidly growing population, soil erosion 
arid conservation, poor yield and improvement of the 
fertility of the soil, feeding of the hungry millions, 
raising the standard of their health and physical and 
social well-being largely depends upon the cultivation 
and application of these very branches of biology. 
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Now that we have a Ministry of Scientific Research, 
we expect it to look into such malfunctioning of science 
and strongly urge the Government to take early steps 
to set up a Biological Research Council and establish 
new laboratories assigned with the task of fostering 
research in all those branches of biology which have 
not received adequate attention so far and whose 
development is essential to the progress and prosperity 
of the country. 1 

As an illustration, we suggest that there ought 
to be at least one Institute of Genetics , where a co- 
ordinated and team work on the Genetics of plants, 
animals and human beings and research work of a 
fundamental nature may be carried out. At the pre- 
sent, work in these lines is carried out in some of the 
universities and other institutes but where progress is 
often stifled due to lack ot funds. The proposed 
Biological Research Council should also foster researches 
in those places where a tradition has already been 
built up. They have also to take up the question of 
the reorganization and expansion of the existing ins- 
titutes carrying on biological investigations. 

The adoption of the policy of colonial development 
has brought home to the Government of United King- 
dom the necessity of trained biologists for the execution 
of their plans. Many problems of Jndian economy 
ami sociology are of the same nature or at least akin 
to those that prevail in colonial territories and may 
be solved if tackled along similar lines. The Royal 
Society Commonwealth (Empire) Science Conference, 
held in June- July, 1940, seriously considered this ques- 
tion and laid great stress on the training of biologists 
in systematics and organization and expansion of 
biological surveys (See Science and Culture, 12 
115-124, 194fi). We appear, however, to have done 
very little in this direction. The plans for the expan- 
sion of the Botanical and Zoological Surveys have not 
been executed so far and it is reported that they have 
been shelved for some time under the stress of the 
present financial difficulties. 2 * The country had to 
face similar financial crises several times during the last 
forty years and on every such occasion the axe has 

, 1 To ensure co-ordination, proper development of 
research under all heads is essential, and the Industrial Re- 
search Planning Committee in 1945 recommended the setting 
up in India of a National Research Council, Prof. A. V. Hill, 
who was invited by the Government of India, also emphasized 
the need for a Central organization which should cater for and 
co-ordinate all the main categories of scientific research affect- 
ing the welfare of the country (in addition to the underlying 
‘pure' academic research), tnz. t (1) medicine and public health, 
(2) agriculture and animal husbandry, (3) industry, (4) surveys 
and natural resources, (5) engineering and (0) the defence 
services. These recommendations are yet to be implemented 
by the Ministry of Scientific Research. 

2 We notice, however, that the Standing Finance Committee 

of the Finance Ministry has been discriminating over priorities 

for development and research schemes and in spite of finan- 

cial stringency they have recently approved the setting up of 

a Central Potato Research Institute at Patna; and proposals 

to intensify research in wheat rust prevention in India were 

finalized. 


fallen heavily on the biological surveys. The Botanical 
Survey particularly has suffered much on this account 
and at present hardly exists. 

Both the Botanical Survey and the Zoological 
Survey, at present, function under the Ministry of Agri- 
culture, 8 where they are merely regarded as useless 
appendages and receive a step-motherly treatment. 
Their importance to the scientific advancement of the 
nation ha* never been suitably recognized though 
survey work is essential for any scientific development. 
From their very nature these surveys are of long term 
duration and are not likely to yield any immediate 
economic gains, so that whenever expenditure has to 
be cut down these surveys are the first to receive the 
attention of retrenchment officers. With the establish- 
ment of Biological Research Council, it is hoped that 
these, surveys w'ould receive their due attention. 
We urge the government to consider this question 
seriously. 

The duty of the Government, and especially of 
the Ministry of Scientific Research, is to see that 
science develops in the country in a balanced order; 
but at the same time we expect the universities and 
teachers of biology also shoulder their share of the respon- 
sibility. Prof. Joshi in his address has also pointed out 
some glaring shortcoming ; in biological teaching in the 
country. A similar situation perhaps also exists in the 
field of Zoology. The necessity of suitable changes in 
the teaching and syllabuses of these subjects appears 
urgent and should receive the early attention of all 
concerned. 4 * * If biological research and # teaching in 
the universities could be suitably co-ordinated with 
research in the fields of agriculture, forestry, pharma- 
ceutics, sociology etc., not only will the cause of these 
special applied subjects be advanced but biological 
studies themselves will also receive a much needed 
internal stimulus. 

Biology teachers should also realise the great 
value of biology in the cultural sphere. If the 
vast masses of humanity could be made to under- 
stand that everything in this world — plants, animals, 
food, clothes, houses, means ( f transport, language 
and every other mental and social activities of man 
himself- is always undergoing transformation, it will 
do immense good to the world and save us from a large 
number of petty factions and controversies. Such 
a broad outlook can be created most effectively by the 


* Those two surveys were formerly under the portfolio of the 
Member-m-Chargo of Education, Health and Lands. When 
in 1946, thoso Departments were split under separate Ministers* 
these surveys were put under the Ministry of Agriculture. 

4 The Atomix! Energy Commission working under the 
Ministry of Scientific Research has recently stressed the im- 
portance of revising syllabuses in Physios, Chemistry and 
Mathematics and steps have already been taken to suggest 
suitable changes. A similar action may be taken up with 
respect to Biological Sciences as soon as the Biological Research 
Council is brought into existence, to look into the syllabuses of 
Biological Sciences. 
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teaching of the theory of organic evolution. The 
story of the gradual unfolding of life from simple beginn- 
ings to highly complex forms and the final evolution of 
man and his gradual rise to the present position of pre- 
eminence in the organic world will prove a very healthy 
corrective to minds steeped in ignorance, narrowness 
and religious fanaticism. At the moment, however, 
organic evolution is being taught even to biology 
students in a most perfunctory manner and is some- 
times almost neglected. 

Our * distinguished contemporary ( Nature , 162 , 
868, 1948) recently commented on the acute jealousies 


and antagonisms to which biological sciences appear 
to give birth and the consequent difficulty of persuad- 
ing any group of biologists to agree on a common policy. 
This is as true of India as of any other part of the World. 
Biology like religion appears to arouse considerable 
passions. We take this opportunity, however, to re- 
mind Indian Biologists that on the progress of their 
science depends to a considerable extent the welfare, 
prosperity and future happiness of this country, and 
they should jointly endeavour to promote their science 
on right lines so that its present shortcomings are over- 
come as soon as possible and it assumes the proper 
status among Indian sciences that is rightly its due. 


BOTANY IN INDIA : PRESENT POSITION AND PROSPECTS* 

A. C. JOSHI 

JHOSHIARFUIl, EAST PUNJAB 


achievement of independence by our country 
has suddenly given Indian Science a new status and 
greatly i‘aised it in public esteem. Everyone appears 
to look to science for the solution of the country’s 
difficulties. It now depends entirely on Us what we 
make of the opportunities that have opened otit before 
us. Obviously wo have to do some self examination 
and reflect on what we have been doing in the past, 
what have been our shortcomings, what we should 
do now to overcome' them, and how we can play a more 
effective role in the development and progress of the 
country, 


NeoUEOI' Otr BlOtiOOlCAL SoiftNoES 

Thu moment one begins to think about the present 
fet&tus of Botany in India, one is inevitably led to 
consider the general neglect of biological sciences. 
It is true that, this feature is neither characteristic 
of nor confined only to our country, but how harmful 
it can be in the long run to the progress and happiness 
of mankind easily understood if we survey the recent 
history of science and its social effects on our civilisation. 
Europe, for example, has made much use of science 
and is being increasingly affected by the pursuit and 
application of science. Yet Europe is neither happy 
nor peaceful. It is in a pretty big mess with regard 
to its economic and social affairs. As a consequence, 
some people have gone so far as to blame science for 
all our ills and to call it the evil genius of today. They 
will greatly welcome a long holiday for scientific re- 
search. This however, is too simple an explanation 
to carry any weight and is based entirely on false 
grounds. As Huxley once said it is wrong to ascribe 

* Part of the Presidential Address delivered before the 
Twenty eighth Annual Meeting of t he Indian Botanical Society 
held at Allahabad m January 2, 1949, For ful} report sec 
Jour. fnd. Bot. 8oc„ 28 , No. ]„ 1949* 


moral values to science just as it would be wrong to call 
a hammer cruel if it is used for smashing someone's 
skull. Science is essentially a tool and the results of 
of its application depend entirely on the motives of 
men who wield it. It can be used for good purpose 
m Well as for just the opposite ends, and if the modern 
civilisation, inspite of its scientific basis, is in an un- 
happy state, it is because science is not functioning in a 
balanced manner. 


The lop-sided growth of science results from the 
fact that the scientist can work only if he is suitably 
paid and given the necessary facilities by way of labora- 
tory equipment and research grants. The amount of 
money spent- on the different branches of science deter- 
mines their respective development. During the last 
100 years scientific research has become more and more 
dependent on industry and defence departments on 
account of the profit motive in the first case and 
survival incentive in the other. This has resulted in 
a great development of the sciences of Physics and 
Chemistry, which underlie industrial and defence 
research, and culminated recently in the manutature 
of the atomic bomb. We have got. now almost whatever, 
ail average man could have wished from physico-chemical 
research, — fly ingin the air, fast transport, rapid commu- 
nication, television and so on. Biological and social 
sciences, on the other hand, on account of the lack 
of financial support have been left far behind and are 
in a primitive condition. Wo have been able to obtain 
only a partial control over our domestic animals and 
crop plants, and we know almost nothing about human 
nature, while actually it is in these fields that know- 
ledge and some sort, of understanding is most urgently 
needed if the world is to be brought into some kind 
of orderly state. 

It is a happy sign of the times that this malfunc- 
tion of science, its frequent diversion in to wrong channels, 
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its misapplication and imbalanced development are 
beginning to be realised in Europe and America. 

N If India 1ms not seen much of the ill effects of 
science, it is because we have had so far very little of 
science. But now that we propose to cultivate it on a 
big scale and harness it for the development of the coun- 
try, the mistakes made in the West should be avoided. 
If science is to act as the growing point of our advance, 
it should he seen that the growing point functions in 
a properly balanced manner. Otherwise, the growth 
to which it will give rise,— and this will be the future of 
this country, — will certainly be unhealthy and a mal- 
formation. Unfortunately this aspect of science 
has been hardly considered so far by the authorities w ho 
guide the scientific policy of our country. 

Be viewing the progress of science in India on the 
occasion of the first anniversary of Indian Independence 
(August 15, 1948), Sir Slianti Swamp Bhatnagar, 
Director of Scientific and Industrial Research and 
Secretary, Department of Scientific Research, Govem- 
ment of India, mentioned the establishment of about 
a dozen national research laboratories for the investi- 
gation of problems of a fundamental as w'oll as applied 
nature. He also announced the setting up of a Board 
of Research in Atomic Energy to ensure proper utili- 
sation of India’s resources of atomic energy and to 
collect up to date information on developments in this 
field, establishment of Committees and Commissions 
for the Manufacture of synthetic petrol and such other 
things, but there was hardly any mention of biological 
research. The impression is given that the science 
of plant and animal life are hardly of any value except 
perhaps as subsidiaries to agriculture, forestry or 
medicine. This is astonishing when many of the fun- 
damental problems facing the country, such as over- 
population, strong caste and communal prejudices, 
conservation of soil and increasing its fertility, feeding 
the hungry millions, raising the standard of their health 
and physical and social well being, all require a biolo- 
gical approach. 

The short-sightedness of the present policy can be 
further realised also from a few other simple facts. One 
of t hese is the limited nature of the mineral resources 
of every country. Sooner or later a day will come 
when these will be completely exhausted, for they have 
not the capacity to recreate themselves. The green 
herb and the tree alone can continue to meet for all 
times to come the needs of mankind, for they alone 
can reproduce their kind. The greatest single discovery 
of the future, which may transform the entire 
face of the earth, perhaps will be the artificial 
synthesis of carbohydrates from carbon dioxide and 
water. Knowledge of the physiology of the desert 
plants, drought resistance, etc., is essential if ever our 
dreams of conquering the desert and turning waste 
lands into smiling fields are to materialise. Yet we are 
doing hardly anything to cultivate research in Plant 
Physiology or Plant Bio-chemistry. We have not made 
any serious efforts to advance research in the field of 
Ecology either, which could be of great help not only 


to Agriculture, Forestry, Fisheries and tackling the 
problems of soil conservation, but also provide 
us with the right approach to the solution of many of 
our own social problems. Few seem to realise the value 
of Genetics. We have not one professorship or even 
a readership in this subject in any of our universities. 
Sometimes back when there was a discussion on some of 
our marriage laws in the Central Legislature not 
one member of that august assembly approached 
the question from the viewpoint of our present know- 
ledge of heredity and variation. The fact is that w r e 
have not more than one or two serious Students of 
human heredity in the entire country. 

Need for National Btolootcai, Laboratories 

It is generally agreed that support of such character 
is required for fundamental research as will give a w ell- 
proportioned development of all branches of natural 
knowledge. Two years ago, the Botany Section of 
the Indian Science Congress passed a resolution asking 
for the establishment of a Central Institute of Plant 
Physiology. Both the animal and plant ecologists have 
been demanding off and on for an institute to foster the 
study of Ecology. We have often cried for a National 
Herbarium, some regional herbaria, at least one good 
botanic garden in each province, for a Bureau of Plant 
introduction, and so on. Yet all this has been so far 
a cry in the wilderness. However, now that we have 
a separate Ministry of Scientific Research, let us hope 
that the authorities will give thought to this malfunc- 
tioning of science and see that the different depart- 
ments of Biology arc given their due place and are 
properly developed for the progress and happiness of 
the inhabitants of this vast country. 

One can see that it may not perhaps be possible for 
the government or the Council of Scientific and Industrial 
Researc h just now r to meet the demand for all these sepa- 
rate institutes, but it should be quite possible to set up 
at least the National Biological Laboratories of the 
status of National Physical and Chemical Laboratories. 
These Laboratories should foster pure and applied 
research in all such biological subjects as are usually 
neglected at the universities or are not at present 
properly studied in the country. They should have 8 
to 10 divisions devoted roughly, so far as plant sciences 
arc concerned, to the following subjects: (1 ) Systematica, 
(2) Anatomy and Pharmacognosy, (3) Plant Physio- 
logy,* and Bio-Chemistry, (4) Ecology, (5) Micro- bio- 
logy ,* (<>) Genetics and Cytology.* There must be a 
division for the study of Human Genetics and 
Behaviour. The divisions of Ecology and Genetics and 
Cytology should be common to Botany and Zoology, and 

♦Extension of facilities in those subjects are envisaged 
in the Report of the Vallarta Committee appointed by the 
Government of India in 1947 to report on the future expansion 
of the Rose Research Institute, Calcutta. Unfortunately, 
these recommendations involving increased recurring expendi- 
ture of the Institute by a sum of Rs.2 lakhs only is yet to be 
implemented by the Department of Scientific Research* Govern- 
ment of India, (Ed; £ci, & Gul) 
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all the divisions must work in close co-operation so that 
we can have at least one place in the country where 
complex biological problems could be attacked from 
several directions.* 

Of the possible objections to the above scheme, 
two may be answered here. It can, for instance, be 
said that research in genetics and plant physiology 
is the function of agricultural and forestry institutes 
and the government is already employing qualified 
persons for these subjects in such institutes. It should, 
however, *be obvious to everyone that the number of 
such workers is very small and they are so much pre- 
occupied with the solution of immediate problems be- 
fore them that they have hardly any time to think 
about pure and fundamental research. 

Secondly, some may point out that research in 
Systematica belongs to the province of Botanical and 
Zoological SlurveyS and there is no need for a Division 
of Systematies at the proposed National Biological 
Laboratories. I hope you will permit me to say that 
Systematic** is not only valuable in itself, but its study 
is most essential for the pursuit of research in the fields 
of anatomy, pharmacognosy, ecology, cytology and 
genetics. It- is only a botanist with wide knowledge 
of plants provided by training in Systematica who 
can correlate knowledge obtained from these different 
branches. Hence a Division of Systematies at the 
proposed Laboratories is quite essentia). 

Indian Botany Today 

When we survey the present position of Indian 
Botany, we observe first of all the gradual develop- 
ment and establishment of a flourishing school of 
Palacobotany at Lucknow. f 

We next see great progress in the study of the 
embryology of flowering plants, due to the efforts of 
exactly not any one particular individual but due to 
a large number of workers at several university centres 
taking to investigations in this field. Valuable con- 
tributions have come even from teachers in small Inter- 
mediate Colleges, so that wc can say that research 
in this field has been truly established in the country. 
Our contributions are now of such nature, both in quan- 
tity and quality, that we are behind no other country. 
Throe factors have been especially responsible to our 
taking to research in this subject: (1) the great em- 
phasis in our curricula on the study of the life-histo- 
ries; (2) tho availability of a large number of plants 

* A plea for tho establishment of a National Entomological 
Laboratory is also put forward by Dr H. S. Pruthi in his presi- 
dential address to the Entomological Society of India, a summary 
of which is printed elsewhere in this issue. Ed; Set. d? Cul. 

tAn Institute of Paleobotany sponsored by the Paleobotani- 
cal Society of India, is the only botanical institute under the 
purview of the Department of Scientific Research, Government 
of India and is recipient of capital and recurring grants from the 
Central Government. (See Science and Culture, 14, 241, 1948). 
The foundation stone of this institute, of which Prof. B Sahni 
is ^he founder-diroctor, will be laid by the Hon’ble Pandit 
Jpwaharlal Nehru on April 3, 1949. Ed; Sci. $ Cu\, 


needing investigation; and (3) the poor library facili- 
ties in our universities and colleges correlated with 
the timely appearance in the year 1931 of Sehnarf’s 
“Vergleicbende Embryologie der Angiospermon,” which 
provided an easily accessible elue to the previous litera- 
ture on the subject. Yet even in this field it is no time 
for us to rest on our oars. Our investigations have 
been confined mainly to the development of the em- 
bryo-sac and the male gametophyte. Most of the 
investigations have been of the descriptive type and 
little attempt has been made to correlate embryolo- 
gical studies either with genetical research or taxo- 
nomy. 

We have also done considerable work on the ana- 
tomy of the vegetative parts of angiosperms, parti- 
cularly on the anatomy of timber trees at Debra Dun 
and on stems and roots with anomalous vascular cons- 
truction. There are also several papers dealing with 
tho anatomy of xerophytes, halophytes, etc. and in 
recent years some good contributions have been made 
to the anatomy and morphology of the flower. In 
the field of Systematies of the Angiosperms it is disap- 
pointing to note a lack of interest in the universities 
in spite of the fact that in this field we inherited some 
very fine traditions from European botanists, who 
laid the foundations of Indian Botany in the 19th 
century and whose efforts had brought international 
fame to the Royal Botanic Gardens, Sibpur. The 
policy of the Government has been largely responsible 
for the present static condition of the Sibpur Garden 
but in spite of this we have on our credit side the pub- 
lication of several provincial and local floras and the 
development of the herbarium at Debra Dun. 

In the field of algology wo have several workers 
in the universities and very valuable contributions 
to our knowledge in this field have beenrioncat Madras, 
Calcutta ami elsewhere both by professional and ama- 
teur algologists. In the fields of mycology and plant 
pathology we have a large number of workers and a 
fair amount of research is being carried out both at 
the universities and in the government agricultural 
departments. We have, however, neglected the study 
of the morphology, life history and cytology of the 
Indian Fungi. 

The late Professor S. 11. Kashyap did pioneer 
work on liverworts, but his investigations have not 
been suitably followed up, and now' even his collec- 
tions of Indian bryophyta, as also of Tibetan plants, 
have been left in Pakistan. On pteridophyta and 
gymnosperms, our contributions have been chiefly 
towards their anatomy and morphology, but some 
monographs on tho systematies and distribution have 
also been published. 

It is when vre consider the departments of plant 
physiology, ecology, microbiology, cytology and gene- 
tics, w'hich arc now receiving so much attention abroad 
and constitute what can be aptly designated as modern 
botany, that we find our position most disappointing. 
The distinguished researches of Sir Jagadish Chandra 
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Bose into the life proce ses of plants have not been fol- 
lowed up in. spite of the existence of the Bose Research 
Institute.* Some years ago w'e had hopes for the estab- 
lishment of schools of research in plant physiology 
at Bombay and Banaras Hindu University, but these 
hopes did not materialise. Our contributions to the 
sciences of ecology and microbiology, when we com- 
pare them to what is being done in Europe and America, 
are almost nil. In cytology we have a large number 
of young men who have received training abroad and 
published very valuable papers, but many of them 
wore not able to continue their work for lack of adequate 
facilities. In genetics also, in spite of some good wor- 
kers and plant breeders in the agricultural institutes, 
our fundamental contributions are comparatively small, 
and the subject has not been seriously studied in the 
universities except in a most superficial manner. We 
have also done little work in the field of pharmacog- 
nosy, which is so essential if the drug resources of the 
country arc to be properly utilised and when our indi- 
genous systems of medicine are to be put on a scien- 
tific. basis, and as recommended by the Chopra Com- 
mittee. 

•Urgent Need of Changes in Teaching ani> 
Syllabuses 

The above brief review of the present status of 
Indian Botany brings out very clearly our backward- 
ness in many directions, but 1 am hopeful that it can 
be overcome in a large measure by revising the method 
and the quality of our teaching. 

We have hardly ever given thought to the teaching 
of botany in this country. Even the Indian Botanical 
Society has not once considered the subject seriously, 
and we have never attempted any organised research 
into the methods used. Perhaps that is true of edu- 
cation in general. What generally happens is that 
anyone who has taken the degree of Master of Science 
is considered good enough to teach. He starts his 
career as a demonstrator in a university or as a lectur- 
er in an Intermediate college and begins teaching in 
the maimer in which his own teacher taught him some 
years ago. The result has been that the syllabuses 
and curricula of our universities have remained static 
and are more than 2 5 years behind the present develop- 
ments in the science . 

If we look into any recent number of Biological 
Abstract*, it will show that more than 75 per cent of 
the research in botany today is done in the fields of 
physiology, ecology, pathology, cytology and genetics. 
In our curricula, however, we give the least importance 
to these subjects. In the University of East Punjab, 
for example, there are five theoretical papers at the 
B.Sc. Honours School Examination. One of these 
is devoted to writing an essay and is common to all 

•Prof. Joshi is evidently not aware that Sir J. C. Bose’s 
plant physiological investigations are being continued in the 
Bose Institute and some of these have already been published 
in the Transactions of the Bose Research Institute, 12-16, 1930-46, 
Ed; Cul, 


departments of botany. Of the remaining four papers, 
three are devoted to the morphology and classification 
of plants (of which two are confined to cryptogams 
and one to seed plants), and there is only one paper 
embracing all the fields of plant physiology, ecology, 
cytology, genetics and evolution! The emphasis on 
the different aspects of botany in the B.Sc. Pass Course 
is similar. Of the two theoretical papers, one is de- 
voted to the study of the cryptogams and the second 
embraces every other division of botany. Conditions 
in other Indian universities are more or less similar 
and what is still worse is that it is very difficult to con- 
vince many teachers about the lop-sidedness of the 
present syllabuses and the need of a change. 

It is not possible to go into more details here with 
regard to the syllabuses for the different examinations, 
but it is absolutely essential that these must be modi- 
fied if we are to make an attempt to bring botanical 
research in our country to the level of the West and 
win for it a more honoured place in the counsels ol the 
nation. 

With the continuous rise in the population of the 
country, it can be taken for certain that food will be 
both scarce and dear for many years to come, and 
whatever may have been the policy of the government 
in the past or is at present, the government will he forced 
to revivse its attitude and compelled to undertake agri- 
cultural research on a vast scale. There will thus 
open out before us many opportunities for doing fun- 
damental work in plant physiology, bio-chemistry, 
micro-biology, pathology, genetics, cytology, ecology 
and even systematica. In order to provide a sufficient 
number of workers trained in these fields, the study 
of these subjects must be fostered at the universities. 
If we arc able to correlate botanical teaching and re- 
search at the universities with the needs of the agri- 
cultural science, forestry, botanical survey and phar- 
maceutics, we shall not only serve the country but 
also greatly stimulate botanical studies themselves. 

The first step that we need to take in this direc- 
tion is to approach the elementary botanical teaching 
— this is Intermediate teaching in most of our univer- 
sities — from a new angle. In my opinion tho most 
suitable method will be to teach from the standpoint 
of functional morphology. We should adopt text 
books like Fritsch and Salisbury’s “Plant Form and 
Function” or Kinnott’s “Botany; Principles and Prob- 
lems’’ as our models and not continue with books 
of the type of Lowson’s “Text book” or Green’s “Ma- 
nual.” Surely it will interest the students much more 
to know the working of the various organs of plants, 
to learn the laws of heredity and evolution and their 
application to the improvement of our economic plants, 
domestic, animals and even our own social system, 
and to study plants in the field and observe their rela- 
tions to one another, to other animals and to the phy- 
sical characters of the environment, than to mug up 
a large number of difficult terms describing the forms 
of the stipules, margin or apex of the leaf etc. In the 
B.Sc. Pass, Honours and M.Sq, syllabuses, wa must 
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make more room and give greater importance to phy- 
siology, ecology, genetics and related subjects and ask 
the university authorities to establish chairs or reader- 
ships for their teaching and provide ample funds for 
their development. 

Exchange of Staff between Universities 
and Government Departments 

Another method of stimulating botanical research 
in the country and making it more balanced is to de- 
vise ways by which workers in the universities on the 
one hand and government departments on the other 
could be brought into dose contact. Inspite of the 
annual sessions of the Indian Science Congress and 
meeting of some learned societies, botanical research 
at the moment in the universities and agricultural 
and forestry institutes is widely separated. If we are 
to work as a team for the common good of the country 
and the advancement of our science, a scheme must be 
worked out whereby it should become easy for tea- 
chers and scholars from universities and colleges to 
spend seme time at the 'agricultural and other depart- 
ments of the government, and similarly it should be 
made possible for workers in government departments 
to work for some time at the universities. Such ex- 
change of personnel would certainly have a very stimu- 
lating effect both on the individual workers as well as 
on the different branches of science. Every institute has 
its own special laboratory practices, technique and 
methods, which are often of considerable interest and 
practical use to others if they could have the opportunity 
to familiarise themselves with them. Working for short 
periods on special problems in agricultural or forestry 
institutes would also help university teachers and 
scholars, 

“to lose the ivory -tower outlook which many acquire when 
they remain in tho academic fields too long. It would also bene- 
fit their teaching since they would have a personal experience of 
the environment and types of problems which will face even- 
tually many of their students w hen they take posts there. There 
will also come an internal stimulus to the reform of curricula and 
Byllabuses since actual experience will show to tho academic 
worker, temporarily working elsewhere, the growing fronts of 
science.” 

Lag between Research and Teaching 

Before closing the subject of botanical teaching, 
attention may be drawn to one other important matter. 
This is tho time lag between the acquisition of new 
knowledge and teaching. In all countries there is 
some interval between the publication of results ot 
scientific investigations and their incorporation into 
teaching, but in India such time lag is enormous. For 
example, it was many years back that the individua- 
lity and permanence of the chromosomes throughout 
the nuclear cycle was established. Yet even today 
almost all the' text books commonly used by our stu- 
dents speak of the segmentation of the spireme to form 
the chromosomes. Even the description of conjuga- 
tion in Spirogyra, which is a type for study in elemen- 
tary classes in every university, is out-of-date. If 


we really desire to keep abreast of the recent advances 
in the subject and give our pupils the right knowledge, 
it is absolutely essential to remedy this drawback in 
our teaching. The following measures are suggested 
to meet the situation: 

1. Wo should have text books by active research workers 
who are familiar with recent advances in the subject. It is 
to be greatly regretted that persons with such qualifications 
have mostly avoided the writing of elementary text books. 
The result has been that our students have to uso either Eng- 
lish or American text books with illustrations of foreign plants 
or to depend at the best on second-rate Indian books. 
It is time that our learned colleagues realise this fact, disconti- 
nue to confine their learning to themselves and impart somo 
of their reserves of information to the comparatively ill informed. 
We have now a fair knowledge of the life-histories of several 
Indian types. It is time that this knowledge is incorporated 
into our toaching. 

2. There should be more reviews in our journals. A 
good review should be given as much credit as an original paper. 

3. Steps should be taken to organise special vacation 
courses. Our universities and colleges have a long vacation 
during summer. It is then very pleasant in the hills and it would 
be most beneficial to the progress of our scienco if we could 
organise a laboratory at a suitable hill station where teaeheiv 
and research scholars from all ports of the country could gather 
during the summer holidays and enlighten each other on the 
recent advances in their respective fields. 

Need for a Standing Committee on 
Botanical Teaching 

Finally, 1 venture to suggest that the time has 
come when we should consider the question of botani- 
cal teaching in right earnest. The Indian Botanical 
Society should elect a Standing Committee to cons- 
tantly look into it and give the right lead to the uni- 
versities. This should prove especially valuable now 
that the country is seriously considering to change 
the medium of instruction. The committee should 
also take steps to organise research into the methods 
of botanical teaching. 

Systematic Botany 

Paradoxical though it may seem, still it is true 
that in spite of great emphasis on the study of external 
morphology in the Intermediate classes, our students 
as well as a large majority of teachers show great ig- 
norance about systematic botany and are quite un- 
familiar even with the names of common plants of their 
neighbourhood. As a friendly Englishman once put 
it, “In India people become botanists without knowing 
plants.” In a large measure this is due to the lack 
of suitable district and local floras. We should try 
to have a handbook of flowering plants at least for 
every university town as soon as possible, as we have 
a “Forest Flora” by Kanjilal for the use of the students 
of the Forest College, Dehra Dun, or “Lahore District 
Flora” by Kashyap and Joshi.* These floras should 


*We are also indebted to Mr. A. P. Benthall (an amateur 
botanist and lately President, Bengal Chamber of Commerce, 
Calcutta) for his book entitled “Trees of Calcutta and its 
neighbourhood” (See Science and Culture 12, 445, 1947). 
Ed: Sc i. <6 Cul. 
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not form big tomes, but should be of the type of pocket 
books which could be easily carried by the students. 
Most of the country floras in the United Kingdom 
have been written not by professional botanists but 
by amateurs. A similar attempt should be encouraged 
and supported by public and private authorities in this 
country. Teachers in Muff anil Colleges, who cannot 
undertake research work of any other kind, can do 
very useful work in this direction. Their former pro- 
fessors with whom they are generally in contact should 
suggest to them to take up this work. This will give 
us not only suitable handbooks for the use of the stu- 
dents, but also provide detailed information about 
the distribution of plants in our country. 

Another thing which can stimulate interest in sys- 
tematic botany amongst our students is the organi- 
sation of frequent Field work. University, govern- 
ment and other college authorities should be made 
to realise that such surveys are a very important part 
of the training of students in botany and they should 
provide suitable grants for this purpose. Often the 
authorities have the impression that these surveys 
are only a holiday for the teachers. Attempt should 
be made to dispel such doubts. When botanical ex- 
cursions arc not seriously taken up by our teachers 
they do a disservice to our cause. We should try our 
best to see that the students gain as much knowledge 
as possible from field work. 1 hey should make ex- 
tensive collections of plants and these collections must 
be identified in order to supplement and correct their 
purely bookish knowledge. In the case of the M.Sc. 
students, one trip to the Himalayas or some other 
mountain and one trip to the seashore should be con- 
sidered essential before they pass out. In the case 
of the undergraduate students excursions to fields, 
neighbouring strips of semi-wild vegetation, gardens, 
hedges etc., may be considered sufficient, and these 
should not be neglected. The B.Se. Pass, Honours 
and M.Sc. students should be asked to produce identi- 
fied and labelled collections of plants at the time of 
their examination. Such collections should not be 
thrown away after the examination but added to the 
college or a local herbarium, and students made to 
realise that they are thus making a useful contribution 
to the advance of Indian Botany.* 

A great impediment in the advancement of sys- 
tematic botany in the country is the absence of bota- 
nical gardens. It is wrong to believe that one botani- 
cal garden at Calcutta, however big it may be, would 
serve the needs of the country. We need a botanical 
garden for every province and State and for every 
large city, for the education not only of the students 
of botany but of the general public as well. It will 
serve besides the professional botanists, also the school 
children and their teachers, horticulturists and hor- 


*This is actually don© in some universities and at least 
in one, of which we know of rtz.> Calcutta University, where 
the Indian collections of the Herbarium are largely based on the 
collections made by the students and teachers inspite of limited 
financial and other resources. Ed: Sc i. & CuL 


tieultural amateurs, owners of large and small gardens 
as well as their malts , commercial and semi-commer- 
cial growers and amateur naturalists. 

For the . development of Systematic Botany at 
the higher level our foremost need is an up-to-date cen- 
tral herbarium, which many of us have preferred to 
call “The National Herbarium.” For obvious rea- 
sons the herbarium of the Royal Botanic Garden, 
Calcutta, has got to be recognized as the “National 
Herbarium”, but it is also equally true that! it must be 
shifted to a dry locality if we are not to play with the 
future of Indian Botany. The herbarium at Calcutta 
suffers not only from the ill effects of the hot and hu- 
mid climate of Southern Bengal but also from its situa- 
tion on the bank of Hooghly. Ur. I). Chatterjee, who 
has now been working for some three years at Kew and 
had recently the opportunity to visit also several other 
European herbaria, informs me that while many of 
the specimens at Calcutta are crumbling into pieces, 
their duplicates abroad are quite fresh and show no 
effect of age. In my opinion an air-conditioned build- 
ing at Allahabad or Lucknow would perhaps be the 
most suitable place to house the ‘National Her- 
barium.’* 

In addition to the National Herbarium, we must 
have soon a number of regional herbaria. Such her- 
baria will not only greatly help in the rapid explora- 
tion of the vegetation and flora of their respective re- 
gions, but will also provide a prompt service for the 
identification of common species and save the time 
of the taxonomists at the National Herbarium from 
routine determinations. Only little known species 
or such specimens as require critical examination will 
be forwarded to the National Herbarium. 

Finally, we have yet to maintain suitable liaison 
with foreign herbaria. Our government maintains 
an Assistant for India at Kew. The post, however, 
is very inadequately paid, so that ordinarily it will 
not be possible to have a suitably qualified person 
for the job. The Assistant for India at Kew is to be 
our final authority in most cases when we need a cri- 
tical identification and he could be very useful to the 
development of the National Herbarium. Hence he 
must be a botanist of considerable experience. It 
is very desirable that a senior officer of the Botanical 
Survey or Forest Research Institute or some other 
Herbarium or Professor from a University should be 


*We fail to understand why an air-conditioned building 
cannot be built in Calcutta to house the Sibpur Herbarium. 
We know on good authority the difficulties that are faced by 
the National Archives of India, in preserving books, manuscripts, 
etc. owing to the extreme arid nature of the climate of Delhi 
and the same troubles have also to be faced at Allahabad and 
Lucknow. An air conditioned Herbarium in West Bengal with 
an equable climate will be more desirable than one in the U. P. 
region. What the Sibpur Herbarium is suffering from is 
not a climatic factor but a growing Herbarium with limited 
accommodation and meagre staff maintained by a Provincial 
Government for the benefit of the whole of India. The history 
of the Botanical Survey of India is unfortunate and we dis- 
cussed in extenso the subject in an earlier issue (See Science; 
and Culture, 11, 105, 1945). Ed; Sci. do Cul. 
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deputed for this work, and the government should 
arrange to pay him adequately.* 

During the last 50 years our country had to face 
financial crises from time to time. This often led to 


*We would draw the attention of our readers to the cir- 
cumstances that led to the creation of the Kow post and 
subsequently the post being given to tin Indian (See Science 
and Culture, 11, 134, 1045), with a view more to learn 
the methods of Herbarium technique at Kow and its subse- 
quent utilization in India. Whon a preliminary training has 
now been made available in India, Prof. Joehi’s suggestion may 
be carefully considered by the Government of India. We would 
further urge the Government for the creation of a similar post 
in the British Museum (Natural History), for the benefit of 
Systematic studies in Indian Zoology, where most of the type 
collections of Zoological specimens from India are housed. 
Ed : Sc i. & Cul . 


retrenchment in the research departments. The Bota- 
nical Survey and Systematic Botany have especially 
suffered in this manner.f It is time that our society 
gives serious attention to this matter and 1 suggest 
that we should set up immediately a Standing Com- 
mittee to constantly look into this question, and take 
necessary steps to safeguard the interests of Syste- 
matic Botany, and devise ways and means to pro- 
mote its cause. 

fWo learn to our much regret that one of the first items 
of post-war reconstruction plans to be axed by the Standing 
Finance ( ’ommittee of the Government of India unfortunately 
is the Botanical Survey. A large number of Post-Graduate 
students were trained to be absorbed as Botanists in this 
Survey and they have now to seek jobs elsewhere resulting 
to a waste of scientific man-power trained by a National 
Government! Ed: Set. & Cul . 


THE ADVANCEMENT OF LEARNING 


D° the universities always advance learning; do the 

scientific societies always encourage research ? 
These are questions yet to be answered. Conflicting 
thoughts often brew in our mind and very few arc 
bold enough to speak them out. Dr Darlington is 
one of those outspoken few. He has put in his inimi- 
table straight language what most of us have felt in 
this country, regarding the universities and research 
institutions. He says, “that men, and the societies 
and institutions they set up, are all inclined to resist 
scientific discovery and its application. . . . We 
resist them not so much for the material loss, as for 
the mental disturbance we fear from them. As we 
get older, some of us acquire wealth, all of us acquire 
belief. And between belief and discovery, there is 
an undying war.”* 

It is well known that classical discoveries of Gali- 
leo or of Harvey were obstructed and neglected. Men- 
del was twice, on examination, refused his teacher’s 
certificate. These are not accidents, for “belief be- 
comes more necessary and more sacred as one gets 
older. The apartments of the mind are fully furni- 
shed, and there is no longer room to change about.” 

No one can answer, who are actually best suited 
for research. Those who know everything by heart 
may win most of the academic prizes and may make 
their way into high administrative office. But they 
never make discoveries. And they do not much like 
other people to do so. ... It is important to see 
that the first class honours man is not given a rnono- 


♦rhe Dead hand on Discovery — I & II, Discovery, 9, 358, 
1948; 10, 7, 1949. 

I, The Fingers of Learning 

II, The Thumb of Office by C. D, Darlington, D.Sc., 


poly of scientific research. Dr Darlington cites several 
examples where early research papers of contributors 
like Dalton or Joule had been rejected by the Royal 
Society. A few years ago a young man offered to the 
Royal Society a paper showing the revolutionary con- 
sequences of applying new mathematical treatments 
to biological problems. The two referees rejected it; 
one because it contained biology and the other because 
it contained mathematics. The same paper was even- 
tually published in the Royal Society of Edinburgh, 
where the author, of course, from his friends' subs- 
criptions had to pay for the printing charges and the 
paper proved to be one of the epoch-making works of 
the century. Supposing the money had not been 
found, the rejection would then have meant suppres- 
sion, as it was intended to. Our young research wor- 
kers usually face such difficulties when they begin re- 
searches in their own capacity. How often we have 
seen dejection in their face when their papers have 
been rejected, often indiscriminately by the referees 
of the scientific societies, more often when known scien- 
tists, or heads of the institutions are not communi- 
cating the papers. Once a Departmental Head for- 
warded very reluctantly a thesis for Doctor’s Degree 
on the candidate’s insistence, for he said that the thesis 
contained too many pages of botanical work and less 
chemical work; besides he thought the thesis would 
be judged only on the chemical portion, for the candi- 
date graduated in chemistry! The candidate risked 
it, and all his three examiners spoke very highly of 
the thesis and recommended it. The Head of the 
Department is not to be blamed for he knows so much 
“more and more of less and less,” that he can no longer 
take in new things. The papers which are rejected, 
often find good places in foreign journals and wc know 
of eases where such papers have got good recognition. 


2 
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Dr Darlington writrs of the same experience in Eng- 
land, for “sheltered b> aimonymiiy, referees can write 
with great freedom. One paper was rejected by a re- 
feree of the Royal Society on the ground that too much 
had already been published on this subject, where in 
fact, nothing had ’been published in England on the 
subject for fifteen years. During that time all such 
papers had been rejected — presumably by the same 
referee since it was his subject.” 

There are three steps by which knowledge is resis- 
ted in the universities. The subject is kept out of 
the curriculum as being debatable, abstruse and pre- 
mature. Even when included in the curriculum, it 
can be left out of examinations. This is the subtle 
way of making the classes of young lecturers less im- 
portant from the examination point of view, and grow- 
ing minds have thus been stifled on several occasions. 
Thirdly, anyone specialising in a new subject can be 
kept out of a university chair. Scientific research ari- 
ses out of the teaching in the universities. If it is rou- 
tine research it arises in loyal discipline. Tf it is funda- 
mental it arises by outrageous rebellion. “Professors 
are free to inquire. But men who inquire about new r 
things are not free to become professors.” 

So far about the universities. And, how r about 
the Ministries. J)r Darlington states that “scientists, 
it is admitted, possess the skill, and the knowledge, 
if not the w isdom, on which our (British) Government 
largely depends. Ministers, therefore, sometimes feci 
that they must take scientific advice. But the scope 
and possibilities of scientific method and discovery 
are unknown to them. They naturally shrink from 
contact with the unknown or they resist its intrusion.” 

Every sentence of Dr Darlington reminds us of 
the condition of the Ministries in our country. For 
our universities and Ministries are but imitations of 
those of England. Dr Darlington then goes on to ex- 
plain the formation of the Scientific Advisory Commit- 
tee in England. ” f lhe Minister, who is usually a non- 
science man, appoints twenty men. Rather his ad- 
visers do. They begin by appointing themselves 
— half a dozen of them — to provide sound non-scien- 
tific foundation. Then they add half a dozen men 
who have had a scientific training long ago, but have 
now been made tame and tractable by an unblemi- 
shed life-time in the Civil Service. And, finally they 
make up the number to a round score with adminis- 
trative scientists, eminent men, who have, however, 


for a good while been prevented by just such commit- 
tees from engaging in scientific research.” 

Are we not stepping into the wrong shoes of our 
past rulers? The Civil Service in our country has 
still the rusty frame with a good brushing of new gained 
liberty. The Director of Industries in our Province 
is usually a Civil Servant, obviously a non-science man 
or one who was a science student two decades ago. 
As it is in Britain, so it is here. The higher Civil Ser- 
vice is a self-propagating organism. Each generation 
chooses its own successors. And, since like begets 
like, it chooses successors who shall be decpjy imbued 
with a traditional and anti-scientific attitude. 

A research problem is unfortunately classified 
by its effects. It is bound to be superficial and defen- 
sive if the problem is classified by its effects. To be 
fundamental and aggressive, investigations must be 
classified by causes. The great advances in the tech- 
nique of war have not come from specialists trying to 
improve current techniques, but from outsiders intro- 
ducing methods which surprise the specialist, just as 
they in turn surprise the enemy. Gunpowder was 
not invented by an archer or by an arrow smith. 

Since 1945, new scales had been accepted for re- 
search workers in Britain. “The principle was of 
course maintained that the man without any know- 
ledge of science must always be paid more? than the 
man with some knowledge.” ... Scientific workers 
in Government employment thus find themselves in 
a poor deteriorating economic position. “Yet it is 
on this background that our (British) Government 
policy is based, under nun-scientific control, more 
numbers are a great asset and a source of prestige, 
since numbers, degrees and titles are all that a non- 
scientific administrator can possibly understand. But 
it is the quality that counts in scientific research and 
never the quantity. For what is not good is bad; and 
what is bad is a costly and dangerous liability” and the 
so-called selective awards to political sufferers, former 
congress workers, scheduled castes, depressed classes, 
minorities, and even provincial awards are definitely 
detrimental to the progress of our country and that 
it has been so, is seen by the inefficiency from w'hich 
the working machinery of the country is suffering. 
A hundred years’ neglect has led to hundred years* 
decay. And it cannot be made good in a year and a 
half of freedom! 


JR. 0. C. 
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Introduction 

A N . Atom Bomb exploding on the 26th July 1945 in a 

desert in Mexico and the horrible tragedy of Hiro- 
shima on the 0th August of the same year focussed 
the* attention of the world on Atomic Physics. The re- 
lease of nuclear energy for the destruction of humanity 
startled the world and started it thinking; could not 
the same energy he applied for peaceful purposes, 
applied constructively in industrial fields! Consider- 
able amount of speculation exists, and far and varied 
scientific and technical difficulties have to be solved 
before nuclear energy is finally established in the 
field of industrial application. 

The present paper deals in brief with develop- 
ment so far made in its application for power develop- 
ment, concluding with a rough approximation of the 
cost of power with a short reference whether it will 
be economical to develop power through nuclear energy 
as compared to the cost of the existing power systems, 
Thermal and Hydro. The information here presented 
is from material hitherto made known. The power 
costs have been approximated (these being estimated 
in America) on various assumptions which have to 
undergo considerable modifications as gradually deve- 
lopments take place and various datas built up. 

The paper is sub-divided as follows : 

1) Theoretical consideration of Nuclear Process 
involved. 

2) Thermal equivalent of Nuclear Energy. 

3) Availability of Nuclear fuel. 

4) (a) Schematic diagram of the proposed nuclear 

plant. 

(b) Description of each component part. 

5) Design problems. 

6) Capital and Power Generation Cost. 

7) Advantages of Nuclear Power over the existing 
ones. 

8) Advancement to-date. 

Theoretical Considerations of Nuclear 
Process Involved 

An atom, according to Bohr’s idea, consists of 
a nucleus, of +ve charge, in which practically the 
entire mass of the atom resides, surrounded by one 
or more — ve electrons, moving in elliptical orbits around 
it. Except in the case of hydrogen, the lightest ele- 
ment known and the lowest element in the periodic 
table, the nucleus is built up of +ve1y charged particles 
called protons identical with the nucleus of the hydrogen 
atom and electrically neutral neutrons of practically 
the same mass as proton. In case of most of the ele- 
ments, atoms are found containing different numbers 
of neutrons and therefore of different atomic weights. 
Except for this difference in the weights of atoms the 
other properties remain almost identical. These varieties 
pf the samp element first discovered by F. W. 


Aston in 1919 are termed Isotopes. Natural uranium 
is made up of 3 isotopes, about 99.3% of U238 (Uranium) 
with an atomic weight of 238, about 0.7% of U235 
and 0.008% of U234 which can be neglected. 

When most elements are bombarded by neutrons, 
the capture of a neutron by its atom's gives rise to new 
isotopes of that element, but when U235 is bombarded 
by neutrons something more results. With the cap- 
ture of the neutron by the atom the nucleus explodes 
violently breaking into two approximately equal 
fragments with the release of fresh neutrons amount- 
ing roughly between 1-3. With this breaking up of 
the nucleus, or nuclear fission as it is styled, the fission 
fragments are thrown apart with very high velocity. 
The kinetic energy is converted into heat energy within 
a very short distance of the site of fission. Both the 
fission process and radioactive decay of the fission 
products are accompanied bv the emission of very 
powerful gamma radiations which are also transformed 
into heat rather further away. The process of fission 
as shown by Hann and later on confirmed by Frisch 
and Meitner is as follows : 
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FISSION PRODUCTS 


Moss Numbers 
83-115 


Yttrium j 
Zirconium 
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Columbhim ' 

Molybdenum 

•Masutium 

Ruthenium 
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More 

abundant 

fragments 


♦Name not definitely assignod. 


Mass Numbers 
127-154 

Cesium 

Barium 

Lanthanum 

Cerium 

Paraseodymium 

Neodymium 


How is this energy derived ? 

The weight of uranium before fission, and weights 
of fragments after fission indicates loss in mass during 
nuclear reaction. This lost mass replenishes itself 
in the form of energy, its energy equivalent being 

E ~wc 2 , where E= Energy, ra-Mass which has 
been converted into energy, c— Velocity of light 
(3x 10 10 cm). 

Though a very insignificant fraction of the total 
nuclear mass gets converted into energy by the present 
process, still its energy equivalent is enormous. If 
a method can be found which will convert entire mass 
into energy, then the energy released can be increased 
by a tremendous factor. 
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Thermal Equivalent oe Nuclear Energy 

Nuclear fission is accompanied by a release of 
huge' quantities of energy. An attempt is made to 
interpret this in terms of thermal energy. Heat avail- 
able from coal is measured in terms of B.Th. Units 
whereas in nuclear reactions it is measured in electron 
volts/atom. 

Tho energy released by the burning of coal to give 
carbon dioxide is of the order of 4 e.v./atom. Jn the 
nuclear reaction uranium releases 200 million e.v./atom. 

1 lb of uranium contains 11760xl0 20 
atoms, the energy released by 1 lb of 
uranium 235 when fissioned 

=• ( i 1 700 X 10 20 X 200) Mev. 

1 lb of coal contains 230 x 10 28 atoms, and 
the energy given off per lb of coal burnt 

(230 x 1 O 28 X 4)ev-= (920 x 1 O’ 7 ) Mev . 

From the above comparison it will bo seen that the 
energy released by lib of uranium roughly approxi- 
mates to 1500 tons of coal. What magnificent source 
of energy each atom of uranium has ! 

Availability or Nuclear Fuel 


One of them is U238. When a U238 nucleus is 
bombarded by a neutron, its capture results in U239, 
a very unstable isotope, which undergoes radioactive 
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At present it is thought that the quantities of 
uranium are not very abundant, and the question one 
has to face is whether it will be practical to install plants 
with the known stock of world resources of fissile mate- 
rials ? Uranium which could be found from earth’s 
crust is large, but whether this is all available or will 
bo available is a problem. In most countries survey 
in search of uranium has started with great vigour. 
Information and datas collected from this when pub- 
lished might give us a correct idea of the availability 
of nuclear fuels. Information available before 1941 
indicated that the then “commercial deposits” of 
uranium contained 10 s lbs of metal, where commercial 
deposits have been defined as deposits which contained 
ores of uranium concentration greater than 1%. 
Goldschmidt suggested that about 4 part per million 
of the earth’s crust is uranium. If one third of the 
earth’s area fixlO 7 sq. miles is estimated to be avail- 
able then 4 parts per million represents a total of about 
10 18 lbs of uranium in a 3 mile deep layer, thus total 
available quantity of uranium would work out some- 
where between lo 8 to 10 lfl lbs. 

These deposits are situated mainly in Belgian 
Congo, at copper mines in Haut Katanga, in Canada, 
at the Great Bear Lake, and in the United States, 
in Colorado and Utah in Joachimstal deposit extend- 
ing to Saxony of Russia. Of these deposits only .7% 
of tho total uranium is U235 ! 

Recent advances in the knowledge of atomic 
physics brings into light some encouraging information 
about the sources of nuclear fuel. Apart from uranium, 
Nucleonists say, there are materials which are not 
themselves fissile but when undergo certain nuclear 
reactions yield fissile elements. 


Synthesis Of Plutonium 

decay in two stages in each of which a neutron in the 
nucleus is transformed into a proton and electron; 
the latter is ejected from the nucleus. The final pro- 
duct, plutonium as it is called, has 94 protons in its 
nucleus as against 92 in uranium. This nucleus 
possesses the property of undergoing fission when 
it captures a neutron like U235. (Fig. 2). 
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The other is thorium. It has an atomic weight of 
232, and has 90 protons in its nucleus as against 92 
in uranium. It is also not fissile by itself. But when 
it captures a neutron, after two stages of radioactive 
decay with the conversion of two neutrons in the 
nucleus to protons, it becomes U233 with 92 protons, 
in fact an isotope of uranium. This new isotope 
undergoes fission when it captures a neutron. (Fig. 3) 

Tt is estimated that the concentration of thorium 
in the efirth’s crust is about 1 1 .5 part per million taken 
for the same part as considered before so that roughly 
10 w — 30 17 lbs of thorium is available. Mineral mo- 
nazite containing thorium are found in the State 
of Travancore, and round about the northern part 
of Madras Province near Vizagapatam in India, in 
Brazil, in Carolina and Virginia districts of United 
States, and in Madagascar. 

Schematic Diagram of Nuclear Plant 


Radiation 



There is no method yet discovered which directly 
converts nuclear energy into electrical energy and the 
nuclear energy can only be indirectly utilised for power 
purposes in the form of heat. There is thus no difference 
in heat transfer between the present system using 
heat from coal furnace to that of heat from nuclear 
fission. 

For conversion of nuclear energy into heat first, 
and then utilise it for the raising of steam for the 
running of turbines, the sot up consists of: 

(а) an atomic pile where nuclear reactions take 
place and heat is thrown out; 

(б) a heat transfer medium associated with pumps 
for circulation ; 

and (c) radiation barrier, which is extra in comparison 
to the steam plant. 

Atomic Pile : When a lump of uranium metal con- 
taining uranium 235 atom is bombarded with a neutron, 
nuclear fission sets in and 1-3 fresh neutrons are ejected; 
(t) in this process these neutrons might escape and can 
be lost which is quite probable since its velocity is nearly 
50 million miles/hour ; (ii) the neutrons may be captured 
by U238 nuclei; or (in) they may be captured by U235. 

Since the amount of U235 in natural uranium is 
very low, as low as 0.7%, the probability of neutron cap- 
ture by U235 is very low. For a continuous reaction, or 
chain reaction, at least one of these neutrons must be cap- 
tured by U235. Hence for chain reaction ; either (i) the 
proportion of fissile material in natural uranium must 


be increased, or, (ii) some means must be adopted to 
increase the neutron capture capacity of 11235 such 
that the numerical disproportionality is neutralised. 

The isotope separation to increase the proportion of 
fissile material in natural uranium is essentially done 
in two ways. 

The electromagnetic separation process : This process 
contains a large number of machines called ealutrons 
each of which is capable of producing U235. The 
calutron is a modified and a large mass speetograph. 
Uranium is ionized, t.e., broken down into electrically 
charged molecules and the ions are shot at high speed 
past a very powerful magnet which deflects them. The 
degree of deflection is determined by e/m. The U235 
ions are deflected more than the slightly heavier U238 
ions, so that finally they come out at a different place, 
and hence can be collected separately. This method 
is extremely delicate and requires careful handling, 
besides, the individual machine has a very low output, 
power consumption is very high, and the man-power 
required to produce one lb of material is all out of pro- 
portion with other alternative methods. 

The thermal diffusion process : In this process 
uranium combined with flourine to form a gas is forced 
through stage after stage of sieves, barrier membranes- 
numerous stages in which a permanent temperature 
gradient is maintained. The light isotope U235 — the 
fissionable one— goes through sieves a little more easily 
than the heavier U238, so what emerges at the far 
end is enriched in 11235. This plant is simpler in cons- 
truction and operation but requires a huge amount 
of thermal energy. Though the labour required here 
is less, it is not a very efficient method and the separa- 
tion has to be effected in many stages. 

Both the above methods have been abandoned as 
they do not only involve complicated systems but are 
also uneconomic. 

Another method : The neutrons given out in 
fission are very fast, speed corresponding to several 
million electron-volts of kinetic energy. U238 nuclei 
have in fact a very strong affinity for neutrons 
of such high speeds which is detrimental to chain 
reaction. But if these neutrons can be slowed down 
quickly to thermal velocities near about 5000 miles/ 
hour then not only the chance of neutron capture 
by U238 is greatly reduced, but the probability 
of neutron-capture by U235 is greatly increased since 
U235 has got strong affinity for neutrons of certain 
extremely low r energies. Hence if uranium is arranged 
in a lattice of small lumps, many of the high speed 
neutrons will diffuse out of the uranium into some 
surrounding material and many of them would be 
slowed down by collisions with the nuclei of the surroun- 
ding material thus making capture of neutron by U238 
unlikely. 

The material which is used for slowing down neu- 
trons and itself does not absorb them is the moderator. 
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. According to the theory of elastic collisions, the 
ideal substance to be used for the moderator is one 
of the same mass as a neutron in fact a portion, /.<?., 
a hydrogen nucleus, but its strong affinity for hydro- 
gen makes it 4 use impossible. Deuterium or heavy 
hydrogen can be used, but carbon in the form of graphite 
stands a better chance from economic point of view, 
and also it is satisfactory so far as its neutron capture 
point is concerned. 

In America large piles with graphite blocks are 
built with uranium metal in the form of rods; spaced 
out within, so that the neutrons from each rod of ura- 
nium traverse enough graphite before they enter 
the next, rod of uranium or return to the one which 
they had left. Successive collisions with graphite 
nuclei bring down the velocity of neutrons sufficiently 
low and well within the thermal region of energies. 
The function of moderator could be understood from the 
figure given below. 



PlWionium 



r/g 5 - function Of A Moderator 


The critical size of the Pile and the Multiplication 
Constant : Suppose the first fission produces V number 
of neutrons. Theoretically, they should undergo about 
2(H) collisions, to reach the speed region of thermal 
energies, but while undergoing collision, some will be 
absorbed by the structural materials of the pile, and 
some will react with U238. Say, x number of neutrons 
arc finally left available for producing fission. Each 
of these neutrons in turn will produce x 2 . These will 
again produce x 1 which will in turn produce x 4 and the 
series will thus continue; so the one primary neutron 
produces 1 +z+x z fr*-f ...neutrons, 

and this is = * when x < 1 

l~x 


and -- — v when x > 1 
x 1 

Thus as x approaches unity one neutron will produce 
a chain of very many more, but the chain is convergent. 

If x > 1 , the series is divergent and one neutron 
will produce an infinite number of neutrons in a pile 
of very large size. If the pile is small many neutrons 
will escape before producing fission. Hence a pile has a 
critical size before chain reaction can develop. 

If M= migration length or the distance travelled 
by neutrons between birth and death, 


and a - length of the pile 

M 

then it can be shown that critical value of V is— ~ - 

Vx~~l 

At the critical size the proportion of neutrons escap- 
ing is such that the effective x is 

*cff ~ x ^leakage * 

For this particular size, the pile is then in equilibrium 
and the neutron density will remain constant. 

Control of th° Pile : If a pile is so arranged that 
more than one fission results from the neutrons pro- 
duced by each fission, there will be rapid neutron 
multiplication. If the multiplication is very rapid, 
heat generated will rise with explosive violence; this 
phenomenon becomes an atomic bomb. Even if the re- 
action is slow, the pile would soon melt away if the 
multiplication is uncontrolled. 

However, another fundamental nuclear phenome- 
non makes this control easier, the production of delayed 
neutrons. It was discovered in May 1041, that most, 
not all, neutrons come out instantaneously in fission 
process. The atomic fragments which arc thrown away 
in highly unstable conditions throw out an additional 
number of neutrons after a short delay, say, amounting 
on the average to half a minute. This time lag in 
multiplication provides the system with a very desir- 
able inertia thereby making the control easy. 

One way to control this multiplication of neu- 
trons is by providing passage ways in the pile through 
which rods of material which strongly absorb neutrons 
are moved freely, so that when these control rods are well 
within the. Nuclear reactor, they absorb so many neu- 
trons that the chain reaction is stopped. As they are 
gradually withdrawn, a point is reached at which the 
reaction can just proceed. If it is pulled out further, 
the power level of the pile will increase exponentially, 
but will take a long period, some minutes, before the 
final level is reached. Having raised the power level 
to its new value, the control rods are wound back and 
thus the power level is finally established. By this 
method the power level can be adjusted very nearly 
to the desired value. For these control rods cadmium 
and boron containing steel have been suggested. 

There are also certain other inherent difficulties 
associated with a nuclear reactor which require care- 
ful consideration: 

Since, greater part of the energy released in the re- 
actor is in the form of heat, any attempt to get an out- 
put more than a few KW leads to dangerous overheat- 
ing; a cooling agent is hence to be circulated through the 
channels running through the reactor. But, all the 
extra interior apparatus increases the neutron absorb- 
ing material unproductively w r hich may gradually choke 
the whole system ultimately closing down the reaction 
itself, so that large-scale power producing atomic pile 
will involve much more complicacy in design than an 
experimental pile producing only a few KW or so. 
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Again, uranium is very reactive, chemically com- 
bines rapidly with oxygen, nitrogen and hydrogen be- 
low 300 °C, also with carbon and is readily attacked 
by water. The fission products are also extremely 
radioactive. Uranium rods, therefore, must be enclosed 
in an absolutely gas-tight sheath to protect them 
from corrosion and to retain the fission products. This 
sheath must of necessity be a good conductor of heat, 
and make perfect thermal contact over the whole sur- 
face of the rod. If the heat transfer media is water, 
stainless steel or eupro-iuckel may be suggested as good 
corrosion-proof sheets, but since their neutron captur- 
ing capacity is too high choice is only left to bery- 
llium and aluminium. Beryllium in ductile form is very 
difficult to get and the final choice is led to aluminium 
for the sheath. 

in order to keep down the amount of neutron ab- 
sorbing material in the pile to a minimum, it is neces- 
sary that the sheaths and tubes should be as thin 
as possible and the annulus tluough which the coolant 
will flow as narrow as possible. To produce power, 
with any reasonable degree of thermal efficiency, if 
water is used as coolant medium it must be main- 
tained under considerable pressure with the result that 
the aluminium sheath must also be made thicker. This 
extra weight of, slightly but still definitely, neutron 
capturing material will upset the balance leading to 
complete shut, clown to the chain -reaction itself. Also 
water forms films on the surface of the aluminium inter- 
fering with the heat transfer and thereby produces 
serious corrosion and pitting. Water, therefore, seems 
very unlikely as a medium of beat transfer. Some 
suitable gas has to be found which will satisfy all the 
above requirements. Helium is one of the gases but 
its heat capacity is low. Bismuth can be used, since it 
has not only got a very low neutron capture cross-section 
but also the heat transfer both from the rods in the pile 
and to the tubes in a boiler is high. 

Of the two moderators which are in use: 

(i) An Atomic Pile where graphite is used as a mode- 
rator. Its essential components are, 

(a) large mass of moderator filling large propor- 
tion of the total volume of the apparatus, 
here this being graphite, 

(b) space in the interior of the graphite mass filled 
with uranium rods so that it is easy to take 
them out when necessary to submit them to 
chemical treatment, 

(c) interior w r alls of the graphite for the circula- 
tion of coolant, (if the fluid is gas then no se- 
parate Avail is necessary, but for water cooling 
an additional wall to that formed by the gra- 
phite surface is necessary. Tubes of aluminium 
are consequently inserted and w ater is circulated 
between the protective sheath enclosing the 
uranium, and the tubes prevent the Avator 
making contact with the graphite), 

(d) control rods within the pile in spaces specially 
designed for easy adjustments, and 


(e) similar spaces for measuring instruments, au- 
tomatic control sensitive to temperature, and 
radiation, and any other experimental appa- 
ratus. 

When thorium is exposed to neutrons it gets 
converted into U233, a fissile material. To prepare 
U233 thorium, or a suitable salt of it, it is placed in the 
outer layers of a graphite- uranium pile, so that it is 
exposed to neutrons which would otherwise escape. 
As the amount of fissile element in the pile is increased, 
more and more thorium can be inserted into the system 
without disturbing the inside balanced chain-reaction. 
But unless graphite uranium pile can be worked such 
that the amount of plutonium yield is at least equal 
to the amount of Ui'35 burnt up, tin.* use of thorium 
for getting U233 will lead to no real gain. Admittedly, 
some thorium will be converted into U233 but an 
equivalent amount of U238 Avill be left as an inert 
useless substance. 

In order to separate U233 from thorium, or pluto- 
nium from U238 the products have to be sent through 
a chemical separation plant. The idea of enriching 
the fissile material in the atomic pile by separating 
U23f> from U238 Avas discarded. 12,\5 and U238 are 
identical in chemical properties except that their atomic 
weights are different. Any separation method has 
to depend on this very small difference between their 
atomic weights. In the case of thorium, U233 being 
chemically different from thorium, it can be separated 
by fairly simple chemical methods; the same also applies 
in respect of plutonium. 

There is also another suggestion. When U233 
undergoes fission the number of neutrons ejected, 
considered with the neutrons capture cross-section, 
may make it possible to build a pile containing U233 
and thorium in which more nuclei of U233 arc formed 
than are burnt up, so that the supply of U233 is conti- 
nually increased. If this turns out to be practicable, 
then having once made a quantity of U233 from thorium 
placed in a uranium pile, U235 can be totally dispensed 
with, by making use of thorium as the raw material. 
This process, which is still a hypothetical one, is called 
“breeding”. For this process x>l , and if this becomes 
practicable, it will enable us to go back and burn up, 
by conversion to plutonium, any U238 which might 
have been dumped, as useless material from graphite- 
uranium piles, where neutrons available for conversion 
of U238 to plutonium is comparatively very much 
low. 

(it) Piles where Heavy Water is used as a Mode - 
rator. 

Since the separation of the isotope (heavy water 
from water) involves a very complicated and costly 
process it is unlikely that heavy-water piles w ill be an 
economic proposition in the sphere of power production. 
However, its essential components are similar to that 
of graphite piles, if allowances are made for the fact 
that the moderator here* is liquid. The use of heavy 
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water in place of graphite results in far more favourable 
balance between production and absorption of neutrons. 
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This brings down the critical size of the reacting mass 
resulting in an increase in neutron density at a given 


power. This, therefore, is of more scientific than indus- 
trial importance. 

Radiation Barriers : Since fission products are 
intensely radioactive, and enormous number of neu- 
trons are escaping from the pile, it has to be shielded 
properly for the safeguarding of operators. Steel 
plates and a thick layer of concrete hrfta been 
suggested. To quote an example, a pile generating 
100,000 KW will burn up 0.2205 tbs or 100 gins of U235 
per day. It will destroy thereby 3xl0 18 atoms per 
second, i.e., at least 3 x 10 18 gamma ray quanta arc being 
emitted with OxlO 18 fission product atohis bofti. 
These are all highly radioactive. 

One foot of concrete reduces the intensity of neu- 
trons and gamma rays by a factor of 10. Since, 1 watt 
power level requires 1 ft. of concrete, 10 8 watts power 
level will require 9 ft. of concrete. 

[ To be concluded ] 
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JT is almost universally known, though perhaps not 

so widely appreciated in our country, that the 
industrial and, to a certain extent, the economic pros- 
perity of a country in modern times depend in a large 
degree, on its capability of utilising its coal resources 
to the fullest extent. Coal, and its economic use, is 
so important in the life of a modern nation that it 
almost forms a gauge of the degree of industrial deve- 
lopment of the nation. The uses of coal and its by- 
products are ho many and so consequential, — in steam 
raising and power generation, in locomotives and marine 
engines, in metallurgy and chemical industry, in mills 
and factories, etc., — that its abundance or otherwise 
conduces largely to the greatness or poverty of the 
economic condition of a country. 

It is thus only natural that along with various con- 
siderations for the increase of production and output of 
this very important mineral commodity, it is incumbent 
that careful consideration should be given to the aspect 
of conservation of the country’s coal resources and 
a practical application made of all such considerations 
at the earliest possible date. 

Sir Cyril Fox, a former director of the Geological 
Survey of India in 1932, estimated the reserves of good 
quality coal* at 5000 million tons. This figure of reserves 
of good quality coal has since been brought up to date 
and corrected by various authorities. 

♦Good quality coal being all coals with an average ash con- 
tent of up to 16 per cent (on a moisture free basis), the coal 
seama occurring within a depth ef 2000 ft., and up to minimum 
thickness of 4 ft. 


One estimate places the reserves at approximately 
4889 million tons at the end of 1945 and a third at 4520 
million tons at the end of 1944. 

The reserves of good quality coking and metallur- 
gical coals are, however, only a small fraction of the 
reserves of good quality coals. The reserves of good 
quality coking coals in the Jharia, Kaniganj, Giridih 1 
Jainti and Bokaro fields are estimated to be in the 
neighbourhood of 1180 million tons at end of the year 
1944 for scams lying up to a depth of 2000 ft. Consider- 
ing the vagaries of the quality of the coal in the same 
seam and t he exhaustion of some seams in the Indian Coal 
field it may be possible that the present reserves may 
be below 1000 million tons, which at the present rate 
of extraction of approximately 8 million tons per year 
and taking into account the large losses due to defective 
methods of winning and working, (and perhaps even 
considering the advantages to be gained by the scienti- 
fic blending of the various varieties), may last approxi- 
mately 70 years. Some later estimates point to an 
addition of about a 1000 million tons in the Jharia 
fields at depths greater than 2000 ft. (2000 — 5000 ft). 
But this is said to be on an “admittedly largely hypo- 
thetical and possibly optimistic reasoning”. 

It will be seen from the foregoing how critical is 
the position with regard to one of the most important 
mineral resources of the nation and how important 
and vital it is to take immediate steps for the con- 
servation of our resources of good quality coking coals. 

Now, conservation of such good quality coking 
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coal resources can be effected with positive results 
at the point where the coal is being got at the mine. 

In the majority of the mines in this country coal 
is got by a method known variously as “Pillar and 
Stall method,** “Stoop and Stall’* or modified “Long- 
wall** mg^tiod. It is well known, and experience in 
this country has proved without any shadow of doubt, 
that tho loss in mining by this method of working is 
very high, in some eases this loss runs as high as 50 
per cent of the total coal in a mine or property. Car- 
low, 1 in bjs notes compiled for the American Institute 
of Mining and Metallurgical Engineers, says: “In India, 
seams 20 ft. thick are worked in two lifts and here the 
extraction percentage is given as 50 per cent.** ‘Ike 
Goal Mining Committee, 1937,* appointed by the 
Government of India, estimated that the total waste 
of coal ‘m situ' in working was about 50 per cent. 
There are many instances where the extraction per- 
centage is as low as that cited above and in numerous 
other cases the extraction percentage is of the order 
of 60 to 80 per cent involving a loss of 20 to 40 per 
cent of the coal at the starting point of the coal cycle, 
i.e. t at the point where the cc al is got from the mine. 

It must be remembered, however, that the loss 
enumerated above is only the direct loss on account 
of the method of working. There are other indirect 
consequential losses in which the coal lost, in some 
cases, rises to considerable proportions. The coal 
directly lost is usually left in goaves or dcpillared areas 
where the roof breaks down, falls and closes in, into 
the open spaces created by the taking out of the coal 
in the underground workings. With the closing of the 
roof into the open excavated areas, the coal, left in 
these excavated areas or goaves, which, in many 
cases, is of the order of 20 to 40 per cent of the total 
coal as stated previously, is crushed into powder and 
this gives rise to conditions suitable for spontaneous 
heating of the crushed coal. This process of sponta- 
neous heating, if left to itself, finally causes fires in the 
goaves after the lapse of a period known as the “In- 
cubation’* period, and these fires tend to propagate 
in all directions wherever suitable conditions are exist- 
ing. By this process or a process similar to this, 
large and extensive fires are raging in some of the 
most important and actively producing coal fields, 
since most of the coals in this country are known to be 
spontaneously combustible. In the Jharia coal field, 
there are active and extensive fire areas known as 
Jharia fire area, Karejore fire area, Bagdigi fire area 
etc., involving literally thousands of tons of some of 
the best qualities of coal available to the nation. 

Although it is not possible to go into the details, 
it will be abundantly clear that serious losses ocqur 
at the source, i.e., at the place where the coal is mined. 
These losses are further augmented by areas of coal 
which have to be loft for support of surface features, 
for support of intermediate strata, for workings un- 
derneath waterways or the sea, and on account, some- 

* World Coal Resources, by C. Augustus Carlow, p. 48. 
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times, of an unmanageably great thickness of coal 
seams and geological disturbances. 

All those losses could be minimised or completely 
eliminated by the adoption of stowing, which' forms 
one of the best and most effective answer to all the 
above problems. Assuming an extraction of 60 per 
cent and cent percent of the total coal without stow- 
ing and with complete stowing respectively and an 
extraction of 10 million tons of High Grade coking 
coal per annum, the conservation effected in terms 
of Tonnage of coal, which is lost at present and which 
would be recoverable by complete stowing during a 
period of say 70 years, will be of the order of 460 
million tons, — an effective increase in the lease of life 
of about 46 years at the present rate of extraction. 

In the simplest phraseology, stowing in coal mines 
is equivalent to packing the vacant spaces made by 
the excavation of coal underground, with some incom- 
bustible material. Various kinds of materials have 
been used such as ‘Mutty’, ‘Morrum,’ ‘Mutty mixed 
with small quantities of ash;* but these materials have 
been used in limited quantities on account of the diffi- 
culties in handling them and high cost of stowing by 
hand labour. The material which has been used in 
very large quantities in India for stowing is sand, on 
account of its easy availability in large quantities 
from the beds of the rivers, Barakar, Hainodar and 
Ajoy which run through the two main coal fields 
of Jharia and Raniganj and from the beds of other 
waterways such for example, as the river Wardha, 
from whose bed sand is utilised for stowing at a col- 
liery in the Central Provinces. Sand is stowed or pack- 
ed hydraulically, i.e., by means of water. The sand 
and water is mixed at the surface in a funnel, called 
a “separator** and is sent down the shafts to the un- 
derground workings in cast iron (in some cases wrought 
iron) pipes and is allowed to flow out of the mouth 
of the pipes at a reasonably good velocity at the place 
where packing is to be done. The sand is deposited 
and retained at the spot required and the water is 
allowed to flow out into a pre-arranged sump whence 
it is pumped up to the surface to be used again for 
flushing with sand. 

This necessarily gives a most elementary idea of 
hydraulic stowing with sand but it will be apparent 
that certain obvious difficulties present themselves. 
These difficulties may be (1) the availability of water, 
(2) the availability of sand and (3) the getting and 
transport of sand. 

1. Availability of Water . — Large quantities of water 
are required to flush the sand water mixture down the 
mine to convey the sand to the required spot and to throw 
the sandw atcr mixture on to the required spot out of the 
pipes with a sufficient outflow velocity. The quantity re- 
quired is usually of the order of about 15000 to 26000 
gallons per hour, this figure being higher or lower 
according to the efficiency of stowing, the length of 
vertical drop in the shaft pipes (stowing), the difference 
in head between the inbye and outbye ends of the 
flushing pipes, the ratio of vertical to horizontal, the 



410 


SCIENCE AND CULTURE 


Vol. 14, No. 10 


total distance of travel of the mixture in the pipes, 
the placement of the pipes carrying the mixture, i.e., 
whether the pipes have been laid on gradually dipping 
roadways or have to traverse any rising galleries and 
on various other factors. But in any case, it may 
be said from experience that the quantity of water 
required for Hushing does not usually represent a seri- 
ous difficulty for two main reasons. One reason is 
that when the sand water mixture is forced out at 
the inbye end at the site where stowing is being done, 
the sand is retained on the spot by artificial barriers 
or “Boxing” as they are called, consisting in various 
instances, of bamboo matting held in place by props, 
old tubsheets and props, cloth brattice held by props 
and other methods and the water is allowed to flow 
out by specially prepared channels into suitably cons- 
tructed sumps whence it is pumped out of the mine 
bv means of a pump or a series of pumps. Jt will 
thus be seen that the flushing water passes through 
a cycle of operations and is used over and over again, 
although it must he said that there are invariably a 
certain amount of loss during the operations. The 
second reason is that in most mines there is a natural 
make of water which is utilised for the purpose of sup- 
plying flushing water. There are few r instances where 
flushing water has to be obtained from outside and 
in these cases, advantage is taken of any nearby water 
courses to pump water into storage tanks specially 
made for purposes of stowing. It would therefore 
be apparent, as has been observed in actual practice, 
that the question of sufficiency of water supply does 
not actually present a formidable obstacle in the ques- 
tion of hydraulic sand stowing. 

2. Availability of Sand . — The availability of 
sand and its annual replacement in the beds of water 
courses in the two main coal fields of Jharia and Rani- 
ganj has been the subject of discussion by various 
workers and authorities. In the Raniganj field, 
the sand bed of the river Damodar is much wider and 
the depths of the sand in the riverbeds would appear 
to be greater than in the Jharia field; the depth of 
sand beds in the Damodar near Ondal may be of the 
order of 15 to 90 ft. while those in the Jharia field are 
shallower. There is also sand available in the Rani- 
ganj field from the Ajoy and the Barakar river beds. 

The Coalfields Committee of 1946 estimated a 
likely requirement of about 40 million tons of sand 
on the basis of the Bengal-Bchar coalfield producing 
30 to 32 million tons of coal and assuming a ratio of 
output of 40 percent in development and 60 percent 
in depillaring. 

Taking tike figure of fixed sand deposits in Damo- 
dar river bed and the older sandy alluvium as estimated 
by Sir Cyril Fox in 1930 in the case of Jharia coal field 
at some 170 million tons, an annual replacement of 
10 million tons (an average rounded figure based on 
calculations of various investigators) and an annual 
final requirement of say 24 million tons for sand stow- 
ing purposes, the sand deposits may be exhausted 
in about 12 yean*. It must be remembered, however, 


that this will happen only if and when every ounce 
of«oal, be it coking, selected, first, second or third grade 
coals is raised by replacement with sand. In the writer’s 
opinion the aim should, however, be to make an im- 
mediate start with conservation of good quality coking 
coals whose reserves are very limited in this country, 
while the reserves of inferior grades are almost un- 
limited. On the basis of the Jharia coal fit Ms raising 
7 million tons of good quality coking coal, the sand 
requirements in the Jharia field w^ould be of the order 
of 10 million tons which would only neutralise all th* 
annual replacements in the river bed. 

In the case of the Raniganj coal fields, taking 
the figures given by Dr. E. R. Gee, late of the Geologi- 
cal Survey of India, of a fixed deposit of 936 million 
tons in the Damodar (543 M.T.), Ajoy (280 M.T.) and 
Barakar (113 M.T.) and a certain percentage of annual 
replacement, the prospect is much more bright and 
does not appear to portend cause of misappre- 
hension regarding depletion of sand deposits within 
the next few decades, specially when it is remembered 
that at the lower reaches of the Damodar in Raniganj 
coal field, the river easily assumes a width of 3( 00 ft. 
or more and that every 1000 sq. ft. of its bed may 
easily contain on an average a million tons of sand. 

3. Sand getting and transportation to collieries . — 
While no serious difficulties need be apprehended for 
the excavation of the sand from the river bed by any 
or some of the various methods of hand or mechanical 
loading such as Handgetting, Scraper Loading, Drag- 
line Loading, Conveyor belt Loading, Pumping etc., 
or a combination, extension or modification of these 
methods and while it will be a simple matter to deliver 
this excavated sand into the transportation system 
to the nearby collieries by means of ordinary Hope 
Haulages, Conveyors, or by a combination or modi- 
fication of these methods, it may not be so simple to 
transport the sand to collieries situated at compara- 
tively large distances from the source of supply of the 
sand i.e., from the beds of the water courses. 

But even this need not present insurmountable 
difficulties. Various methods for transport of the 
material are available. From a consideration of the 
long distances involved, the variety of ground that 
may have to be passed through such as the crossing 
of main or subsidiary public railways, main or trunk 
roads, subsided ground due to mining operations, 
villages or small townships and the large quantities 
that have to be transported, it would appear that any 
method of ordinary Rope Haulage may be discounted. 
For the same reasons a method of transport by series 
pumping of sand water mixture also appear out of 
the question. 

0 

The methods that would appear reasonably feasi- 
ble for transport through long distances would be 
by Meter gauge or Broad gauge railway system, by 
Ropeways or by Belt Conveyors. Some of the ad- 
vantages and disadvantages of these system, may be 
summed up as follows: 
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The main advantages of a Railway system of trails* 
port are that it has a greater adaptability while sup- 
plying material to points which are situated wide 
apart and under conditions where deflections may 
have to be continuously effected, and that, while its 
capacity could be increased with increasing demand, 
the supply of material need not necessarily stop on 
account of any breakdown at any intermediate point 
in the system. 

• The iftain advantages of the Ropeway system are 
that its operation is free from difficulties arising out 
of unfavourable surface features, its comparatively 
lower expense on power and personnel, comparatively 
continuous supply of the material transported and 
the requirement of comparatively smaller rolling stock 
for maintenance, repairs and renewals. 

Conveying by belt conveyors would necessarily 
bo dependent on surface features but a continuous 
supply of the material will be ensured. The trans- 
port by belt conveyors to very long distances would 
also appear to be open to criticism. 

It would be clear, therefore, that sand getting 
from river beds and its transport to the collieries si- 
tuated inland is quite a feasible proposition by any 
of the following combinations: 

1 . Sand getting from beds of water courses by 
hand and transporting by Ropeway buckets with a 
Ropeway transport system or by Railway wagons 
with a Railway transport system. 

2. Sand getting mechanically by scraper and 
transporting by a Ropeway transport system or by 
Railway transport system. 

3. Sand getting from beds of water courses 
mechanically by means of pumps, drying the wet 
sand by squeezers and other dryers, and subsequently 
transporting the sand mechanically by a Ropeway 
or a Railway transport system. 

The capital expenditure in any of these systems 
of getting and transport will depend, as may be easily 
understood, on the type and magnitude of the plant, 
which in its turn will depend on the quantity of sand 
dealt with and the distance transported. The work- 
ing cost will also depend on various factors such as 
the type of plant used for getting and transporting 
material, the quantity of and the distance , to which 
the material is transported. A very general idea 
may be obtained from the following approximate 
estimates for dealing with say 20,000 tons of material per 
day and transporting it to an average distance of 10 
miles by the above combinations of methods on the 
assumption that firstly direct pumping, separating 
and drying is adopted in the case of excavation by 
pumping, seoondly higher capacity Bicable ropeways 
are adopted for fairly long direct lines of communi- 
c at ion a while Monocables are used for diversions into 
particular collieries or group of collieries for supply 
of sand, it being a debatable point whether it is more 
convenient in a particular set of circumstances to ins- 


tall a few heavier Bicable Ropeways or a larger num- 
ber of lighter Monocable ones. 



Capital cost 

Recurring 


in orores of 

and opera- 

Method b 

Rupees 

ting costs 



per ton 

1. (a) Hand getting and transport 



by Railways — 

3.3 

Rs. I- 4 6 

(b) Hand getting and transport 

by Ropeways - 

3.3 

Rs. I- 2-0 

2. (a) Scraper loading & transport 

by Railways — 

2.33 

Rs. 0-13-6 

(b) Scraper loading & transport 

by Ropeways — 

2.33 

Rs. 0-1 1-0 

3. (a) Pumping, drying & transport 

by Railways — 

2.30 

Rs. 0-14-0 

(b) Pumping, drying & transport 

by Ropeways — 

2.30 

Rs. U-ll-6 


The figures dor capital costs ’cannot of course be 
estimated with any great degree of exactitude as the 
supply of sand to various collieries or any group of 
collieries will almost invariably involve a large number 
of distributed and staggered points and the capital 
cost will depend entirely on the particular circums- 
tances in a certain area and the type, number, capa- 
city and alignment of the Ropeways or Railways ins- 
talled. 

The figures for capital and recurring costs do not 
also take into account the rehandling of the material 
which sometimes has to be done when the sand is stock- 
ed at the river bank after being excavated from the 
river bed, such double handling invariably increasing 
the overall cost per ton and also the capital cost when 
additional machinery has to be installed with a view 
to excavate the stocked sand and transport it into 
bunkers ready for loading into Ropeway buckets or 
Railway wagons.. 

None of these difficulties therefore are insurmount- 
able and judicial planning could get over all the diffi- 
culties that may be met with in the introduction of 
cent per cent stowing in all collieries working high 
grade coking coals. 

From the foregoing it will be abundantly clear 
that our position with regard to the reserves of good 
quality coking coals is extremely serious, that the 
appreciably large and serious losses incurred in extract- 
ing seams of this variety of coal can be minimised or 
completely eliminated by adoption of com^jlsory 
sand stowing thus increasing the life of such meagre 
reserves by a few decades, and that the difficulties 
that may be encountered^n the adoption of compul- 
sory stowing in mines working good quality coking 
coals could be easily overcome on the lines suggested 
herein. 

It is accordingly suggested that immediate mea- 
sures are urgently necessary to legislate compulsory 
and cent per cent stowing in all collieries working 
good quality coking coals to start off with and to put 
into immediate effect plans on the fines suggested 
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herein, to supply sand to collieries where it is not 
easily available for stowing purposes, for the purpose 
of the implementation of such legislation, keeping 
in view the further subsequent step of carrying for- 
ward such legislation and schemes of sand supply 
to apply to all collieries working good quality coals 
in general in the immediate future. 
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BACTERIA IN PLANT DISEASES 
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r THE discovery as to the association of bacteria in 
* plant diseases is traced back to the year 1881; but 
this particular branch of plant Pathology has not made 
as much progress as other allied branches, relating to 
fungi or viruses. The bacterial diseases in nature are 
comparatively few in number and do not spread so 
quickly as fungi or viruses and cause serious epidemics. 
Moreover, for studying bacteria, they demand compli- 
cated and laborious methods in the laboratory and do 
not lend themselves to quick routined procedures. 
Therefore, this subject has attracted only a compara- 
tively few plant pathologists. Moreover, on account 
of little morphological differences existing among 
bacteria, they have not attained a stable system of 
nomenclature and the plant parasitic bacteria undergo 
a frequent change in their names. As a consequence, 
a particular bacterium is now called differently accord- 
ing as one chooses to follow one system of classifica- 
tion or the other. 

Classification of Phytofathogenic bacteria 

The three broad groups of bacteria, such as Cocci, 
Rods, and Spiral forms, as originally proposed by 
Ehrenberg in 1838, are still recognised/ Out of these, 
.neither Cocci nor the Spiral forms are concerned with 
the diseases of plants. Even amongst the rod forms, 
the acid-fast bacterium, e.g Mycobacterium , or any 
of the spore-forming bacterium, e.g. } Bacillus and Clos- 
tridium is known to cause plant diseases. But there 
are o^y two spore-forming bacteria, e.g. .Bacillus mesen- 
tericus and Bacillus polymyxa , which are reported to 
have pathogenic abilities (Dowson 1943) in as much as 
they are able to induce primary rots in potato tubers. 
The majority of the plant pathogenic bacteria are gram- 
negative except the only seven species and they may 
either be motile or non-motile with polar or peritrich- 
ous flagella. 

A system of classification for bacteria was proposed 
by Migula (1900), in which the plant pathogens with 
polar flagella were placed in the genu$ Pseudomonas 


and the others with peritrichous flagella, in the genus 
Bacillus , and leaving the non -motile forms, with the 
genus Bacterium. Smith (1914) while agreeing with 
Migula regarding the genus Basillus , suggested the 
name Bacterium for organisms with polar flagella and 
Aplanobader for organisms without flagellum. Ruhse- 
quently Lehmann and Neumann (1927) placed all the 
gram-negative and ntm-sporing rod forms in their genus 
Bacterium , which they further subdivided into two sub- 
genera, namely, Bacterium proper and Pseudomonas. 
The former included the peri fcri chous and latter, the 
polar types. Therefore the name Bacterium has been 
used by these authors for three different forms. Accord- 
ingly, while naming a plant pathogenic bacterium, it has 
been necessary to say, what system of classification has 
been followed. However, in Bergy’s system (1939) 
attempts were made by the Committee of the Society of 
American Bacteriologists to simplify the classification 
of the plant pathogenic bacteria and to remove these 
confusions as far as possible. In this key, a new genus 
Erwinia was proposed for the peritrichous forms, 
leaving the bulk, whether motile or non-motile, in the 
genus PhyUmonas. 

Bergy’s system was followed until recently, when 
it was recognised that the key proposed therein is high- 
ly artificial having no regard to the natural affinities 
of bacteria. This received a number of criticisms 
from many Bacteriologists. The acceptance of the 
genus Erwinia became untenable on the ground that 
the genus was basod mainly on one character, that 
is pathogenicity for plants. The genus Phytomonas 
also contained heterogeneous groups of bacteria and 
included both gram-positive and gram-negative types. 
Dowson (1942) stressed that the Gram’s staining is 
the reflection of fundamental difference between the 
proteins of the two groups of bacteria and pointed out 
that a genus should not include both gram-positive 
and gram-negative organisms. He (1942) traced the 
affinities of gram-positive plant pathogens with the 
diphtheria bacillus and the other diphtheroids and 
placed them in the genus Coryn/ekaderwW' Similarly 
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he also (1939) pointed out the affinity of the soft-rot- 
ting bacteria with the colon bacillus and of the green 
fluorescent plant pathogens with other saprophytic 
forms such as Pseudomonas fluorescens Migula. But, 
the genus Pseudomonas as used by Migula was consi- 
dered too wide and Contained both green fluorescent 
types with a tuft of polar flagella as well as the? 
yellow fortns with a single polar flagellum* Therefore, 
tor the latter, Rowson proposed a new genus Xantho - 
moms. The soft-rotting types having affinities with 
the Colon bacillus were kept in the genus Bacterium , 
which was defined further not to make it as compre- 
hensive as originally described by Lehmann and Neu- 
mann. This system of classification has now received 
a wide acceptance and places the plant pathogenic 
bacteria into four genera as follows: — Corynebac- 
terium Lehmann and Neumann, Pseudomonas Migula 
emend Rowson 1939, Xanthomonas Rowson 1939, 
and Bacterium \ Ehrenberg 1828 emend Rowson 1939. 
To these, recently Conn in America has added a new 
genus Agrobacterium , which includes the gall- forming 
bacteria such as B. tumefaciens & B. rhizogenes ; but 
this proposal is yet to receive a wido acceptance. 

Genera of Plant Parasitic Bacteria 

1 . Corynebacterium Lehmann and Neumann 

Club-shaped at one stage or the other, gram-posi- 
tive with barred or uneven staining at certain stages, 
non-sporing, and usually non-motile. Utilise a large num- 
ber of carbon compounds including petroleum and para- 
ffin. Seven of these produce specific diseases in plants, 
the important of which arc G. fascians (Tilford) Row- 
son, causing fasciation in plants, C. sepedonicum , (Spiec- 
kermann) Rowson, causing ring-rot in potatoes and 
(7. michiganense (Smith) Jenson, causing bacterial canker 
of tomatoes. 

2 . Pseudomonas Migula emend Rowson 1939 
Rod-shaped, non-sporing, gram-negative, motile rods 

with a tuft of polar flagella and producing a yellow- 
green pigment fluorescein in certain media. Bioche- 
mically less active than Bacterium and under certain 
conditions not being able to split even maltose or sali- 
cin. The familiar examples are Pa. morus-prunorum 
Wormald, causing diseases of stone fruits and Ps. 
phaseolicola Burkholder, causing halo-blight of beans. 

3. Xanthomoms Rowson 1939 

Rod-shaped, non-sporing, gram-negative and mo- 
tile with a single polar flagellum and producing a slimy 
yellow growth on certain solid media. Most of them 
split both fat and the starch. The examples are X. 
malvacearum (Smith) Rowson, the cause of angular 
leaf spot in cotton, X. solanacearum (Smith) Dowson, 
the cause of wilts in tobacco, tomato, and egg plants 
and X. citri (Hesse) Dowson, the cause of scab in citrus. 

4. Bacterium Ehrenberg emend Dowson 

Rod-shaped, non-sporing, gram-negative and mo- 

tile with peritriohous flagella or non-motile variants* 


Biochemically very active, splitting a large number 
of carbon compounds, such as sugars, certain alco- 
hols and glucocides like salicin. Examples arc B . 
phytophthorum (Appel) Birgwitz, the cause of black- 
leg of potato, B. amylovorum (Burrill) Chester, the 
cause of fire blight in apples and B. carotovorum (Jones) 
Lehmann, the cause of soft rot of carrots and other 
vegetables. 

Tyres of Diseases Produced 

Usually four main types of diseases in plants 
are caused by bacteria. They are: — 1. Vascular, 

2. Parenchymatous, 3. Vascular and parenchymatous, 
4. Hyperplastic. 

1. In vascular diseases the water conducting 
tissues are invaded and the vessels get choked with 
masses of bacteria, which multiply by millions. .Some- 
times, they may also produce powerful toxins which 
hasten the wilt of the entire plant. Secondary invaders 
may also set on disintegration and blackening of the 
tissues. The wilt diseases in tobacco, potato and 
brinjal are due to the vascular parasite Xanthomonas 
solanacearum (Smith) Rowson. So is the case with 
the wilt of Cucurbits due to Bacterium trache/iphilvm 
(Smith) Burgwits. 

2. In this case, the bacteria attack the softer 
tissues like the bulbs, tubers, fruits, the cortical layers 
of the stem, parenchyma tissues of the leaves and also 
the meristematic tissues of the growing points. The 
rotting of the plant tissues, the common leaf spots 
and also the so-called blights are all due to the killing 
and disintegration of the tissues. The secretion of 
an enzyme peetinase is responsible for the dissolution 
of middle lamella and the consequent disintegration 
of the tissues. The soft rots are produced by several 
species of Bacterium Pseudomonas and Xanthomonas 
but not by any member of the genus Corynebacterium . 
The familiar examples are B. phytophthorus (Appel) 
Burgwitz, the cause of potato black leg, X. malva- 
cearum (Smith), Rowson, the cause of angular leaf spot 
in cotton, B. carotovorum (Jones) Lehmann, the cause 
of soft rot in carrot and other vegetables and B. 
amylovorum (Burill) Chester, the cause of fire blight 
in apples. 

3. In this case, bacteria usually invade the vessels 
at first and subsequently spread to the cortex. Prom 
the cortex, they again spread to the neighbouring 
plants or to the other parts of the same plant and 
cause local lesions after entering through the stomata. 
The potato ring rot organism, Corynebacterium sepedo- 
nicum (Spieckermann) Dow r son, is an example which 
produces rotting and as well as the wilting. Ps. mar- 
ginalia (Brown) Stapp also produces marginal leaf 
spot in Lettuce through stomata and may lead to the 
invasion of the entire plant under moist conditions. 

4. In hyperplastic diseases, the affected tissues 
are stimulated to active and abnormal growths resulting 
in the formation of galls, tufted roots or crowded 
dwarf shoots, The crown-gall organism Bacterium 



414 


SCIENCE AND OULTUKE 


Vol. 14, No. 10 


titn^efackm Smith & Townsend, stimulates the eambial 
activity resulting in the formation of extra cortical 
tissues* which are massed together into a gall. The 
hairy- root organism, Bacterium rhisagenes Riker et 
a l , induces the formation of adventitious roots from the 
infected parts. The fasciation organism Corynebae- 
terium faxcians (Tilford) Dowson, stimulates the growth 
of dormant buds and leads to the formation of addition- 
al stunted shoots resulting in fasciation of Sweet pea. 
The formation of crowded and dwarfed shoots may 
also result in the Cauliflower of Chrysanthemum Pea 
or Dahlia. 

Control of Bacterial Diseases 

Bacterial diseases seem to be more restricted in 
nature than fungal diseases; the chief advantage of the 
latter being the ability to enter the plant tissues at any 
plan*. Bacteria can not penetrate the uninjured epi- 
dermal tissues of the plant and can only gain entrance 
through the natural openings such as stomata, Jentieels 
or water pores. Therefore the bacterium as a whole 
is sucked inside the plant and multiplies in the tissues; 
but in case of fungi, the spores 'falling on the plant 
surface germinate and the infection thread or the germ 
tube penetrates the plant cells. For this reason spray- 
ing or dusting against bacteria diseases has not been 
so effective as that against the fungal diseases, where 
the external coating of fungicide ordinarily kills the 
germ tubes. 

But there are certain cases sueh as the halo-blight 
of beans (/V phawolicola ), canker of tomato (Coryne- 
bacterivm wichigancnw), and angular leaf spot of cotton 
(Xanthomonax ntalvacearvm)^ where - infections are known 
to be carried with the seeds. Therefore the treatment 
of the seeds with a suitable germicide has given effec- 
tive results in controlling sueh diseases. 

The rotation of crop seems to be another method 
bv which a measurable success can be achieved within 
a short time. There exists a type of natural control 
which operates against the plant parasites in the soil. 
The parasitic bacteria invading the soil arc soon crowded 
out and destroyed by the true saprophytes inhabiting 


the soil, so that the soil becomes free from infection 
within a year or two. But in case of fungi, the orga- 
nisms can live in the soil for a longer time, usually 
five to ten years or more and compete with the natural 
soil dwellers. Therefore, against bacteria, which are 
naturally short-lived in the soil, long crop rotations 
are not needed and one to two years’ rotation is 
usually recommended. 

Further, in the laboratory cultures, bacteria are 
usually associated with an ultramicroseopic organism 
or possibly a virus, known as Bacteriophage. This 
infects and dissolves the living bacteria in culture. 
Our knowledge is no doubt limited as to the behaviour 
of bacteriophage in soil and its role in controlling the 
life of the parasitic bacteria. But this suggests a 
useful line of study for controlling the bacterial plant 
diseases. Furthermore, the practical use of the recent 
discovery relating to Penicillin, is still in an experi- 
mental stage and has remained as a matter of scientific 
interest only. 

The breeding of resistant varieties has not also 
progressed as far as that in the ease of fungal diseases 
but surely certain possibilities do exist on these lines 
of approach. However, satisfactory results are ob- 
tained by the adoption of prophylactic measures, where 
good sanitation, use of disease-free seeds and manures, 
destruction of diseased plants or plant, parts are followed 
as a matter of routine. 
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'"THE attempt to determine the Psychological causes of 

crime is a fascinating study indeed but it is at the 
same time an extremely difficult task to carry through. 
And the difficulties make themselves felt right at the 
start when we begin to form in our minds clear concep- 
tions of what constitutes crime and who are really 
criminals. We all believe of course that we know de- 
finitely what sort of action is a criminal action and who 
is a criminal but we shall see presently that our convic- 
tions on these matters rest rather on insecure foun- 
dation and that our uncritically accepted opinions do 
not always justify themselves. For purposes of law, 
to violate any one of the existing codified criminal 
law is a crimotfind the person who commits such a breach 
is a criminal. But are these definitions adequate? 
Would that not imply that in communities where there 
are no codified laws — there are such communities - 
there cannot be any crime committed? If all law’s, 
let us assume, were proclaimed by our Government and 
Legislatures to be abolished from the midnight of today, 
would crime also simultaneously disappear from society 
from that zero hour? Certainly not. there will still 
be actions wln’ch w ould be considered criminal and even 
though there be no legal sanction for punishing criminals 
society would see to it that criminals get the type of 
punishment which it considers they deserve. That 
only shows that in framing our judgements about 
crimes and criminals we have to take other factors, 
besides the legal one, into consideration. What are 
those other factors? First and foremost wo think of 
the social factors. All criminal acts are antisocial acts 
though of course it should be at once remembered that 
all antisocial acts are not necessarily criminal acts. 
What then is an antisocial act? Let us see. 

Very broadly speaking a society is an organized 
group of persons living in a particular place, having 
some common ideas and i.ioals, purposes and sentiments 
and following in their behaviour certain customs and 
traditions handed down to them from previous gene- 
rations. The degree of organisation of societies varies 
in different parts of the world. A survey of mankind 
irom China to Peru easily reveals that there are different 
levels of social development and that there exist different 
types of society amongst the masses of men which 
constitute the sum total of humanity. The beliefs 
and traditions accepted by one group as constituting 
the sacred bases of their society are irreverently con- 
damned by another group adopting, it may be, precisely 
tho opposite views and ideas as forming the foundations 
of their society. Such instances are not rare at all 
and any student of sociology and social psychology 
will easily be able to cite numerous illustrative examples. 
W© need not here enquire into the reasons for these 

♦Radio talk delivered on Sunday the 11th July* 1948. 
published by the kind permission of AH India Radio. 


fundamental differences in the customs and traditions 
of different societies. If we only bear the fact of this 
difference in our minds we shall be in a position to 
understand why a particular act, Harik’ri, is almost 
a virtue in one country while even the attempt to do it 
is considered criminal in another. 

At the back of the acceptance of the traditions 
and adoption of the customs by particular societies 
lies the conviction that somehow these customs and 
traditions contribute towards the welfare of the res- 
pective societies and the happiness of the individuals 
comprising them. As the accepted standards are believed 
to be capable of bringing about all round happiness 
society demands fr.m its individual members strict 
conformity to those standards of life and conduct. 
Non-conforming actions are regarded as antisocial. 

It need not be doubted that the majority of the 
members easily and quite willingly obey the prevailing 
customs of society and experience no difficulty at 
all in following the current standards of morality. But 
we very often forget in our practical life about a fact 
which we only too readily recognise when stated as a 
theory. No two men are alike. 1 ike all other attri- 
butes the temperament of every person differs from that 
of another. Statistically speaking while the majority 
of the persons living in a society may exhibit a central 
tendency in temperamentally reacting to a situation 
some percentage of them may normally be expected 
to show considerable variation in their reactions. It 
is in these individual differences of temperament and 
other attributes in the mental make up of men that 
we have to look for the psychological factors in the 
causation of crime. Let us remember then that there 
are everywhere persons, who, because of their psychical 
constitution, find it extremely difficult to adjust them- 
selves to the prevailing social and cultural standards 
of the place they are born and bml up in. It is a 
psychological fact, the truth of which a little reflection 
on one’s own experiences may make every one realise 
for himself, that in order to meet the demands made . 
on us by society, we have often to renounce many a 
pleasure which we would fain enjoy. This act of rcmin- 
ciation is not always an easy one and is often respon- 
sible for generating severe conflicts in the v inds of the 
individuals. The state of conflict, however, cannot 
endure for any great length of time, for the tension 
that is experienced in connection with tho conflict 
is an intensely unpleasant experience and has to be 
resolved soon in some w ay or other for the peraervation 
of the mental integrity. It is in the nature of these 
conflicts and tho way they are solved that roots of 
criminality in some cases and seeds of neurosis in others 
are found. 

There is a direct way of facing conflicts. We may 
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fully admit to ourselves that the desire that we are 
experiencing at the present moment is immoral and 
selfish and we may deliberately decide within ourselves 
in favour of not indulging in the desire because we feel 
convinced about the harmfulness of gratifying such a 
desire. The man who can consistently carry out such 
adjustments throughout his life may be described as 
a perfectly normal individual. Such a perfect man, 
howe ver, is definitely a rarity. Even when wo convince 
ourselves that we have the selfish desire, it lives within 
ourselves in the unconscious region of our minds and 
from there continues to exert its influence on our thoughts 
and actions. I do not like the gentleman and there is 
a definite desire in me to ill treat him. But 1 realise 
also the unworthiness and the absurdity of my tendency. 

1 deliberately resolve to mend my ways. The result is 
that my behaviour towards him is certainly polite and 
respectful but 1 feel greatly delighted when he is dis 
comfited in some way and vastly enjoy all jokes against 
him. That only shows the underground persistence of 
my hostile tendency against him. 

.Another way of meeting such situations is the 
devising of means so that the conflicting tendencies 
may not meet together. It is reported that a member of 
a certain profession — l deliberately refrai i from men- 
tioning the profession (nit of my innate regard for it — 
used every morning to sit for his Pujah and made it a 
point to observe strictly all the rites and ceremonies 
connected with it and the injunctions prescribed by the 
Shastras. For his meticulous observance of these rites 
even at the cost of physical suffering he was considered 
to be a deeply religious person by many a man 
who never had the misfortune of coming into con- 
tact with him in any matter connected with his 
protession. His Pujahs lasted however everyday 
till 9-tt0 a.m. after which period he was definitely a 
different personality. His extremely clever counsels 
and ingenious insinuations never caused any one to 
suspect that he ever has any fascination for the ethical 
codes and the religious principles embodied in the 
Shaslra#. 

A third way of meeting conflicts is by developing 
psyclioneurosis, which essentially is a compromise 
formation between the repressing tendency and the 
repressed desire. A child has the sense that greater 
attention is paid by his parents to his younger brother. 
He resents it and feels jealous. Ho knows however 
that jealousy is a vice. He begins to suffer from 
chronic illnesses which require constant attention to 
be paid to him by the parents. The child’s desire is 
fulfilled. Such happenings it should be remembered 
are not confined to the children alone. 

Just as a psyehoneurosis may develop out of such 
a situation it is extremely important to realise that a 
criminal tendency may result exactly from similar 
conditions. When a child feels strongly that he is not 
getting the love from his parents that he deserves 
and expects he may develop an extremely unfortunate 
tendency which when expressed in the language may 
be put in the following way : “You dont love me; 


well, all right, I dont want your love. 1 dont want 
anybody’s love. Even when I do something which is 
approved by you, you do not appreciate my endeavours, 
henceforth then 1 wont care for your approval, I shall 
do whatever pleases me. I would not care for anybody’s 
approval either”. One easily realises that there 
is only a very short step leading from this defying of 
parental authority to defiance of civil and social autho- 
rity, or in other words to criminality. 

Poverty has often been emphasised as a cause 
of theft and other criminal activities. We have no 
intention of denying the urgent necessity of improving 
the social, economic, and environmental conditions of 
the poverty stricken, but why does a rich society lady 
who has never known in her life what the teim “want” 
signifies steals some trifles from the shop, which she 
never makes any use of? It has been made abundantly 
clear that poverty itself is not the direct cause of criminal 
behaviours but the psychological factory which often 
operate in poor families and neighbourhoods are mainly 
responsible for generating criminal tendencies. Neglect 
by the parents — mother works in factories or elsewhere 
from morning till night, father spends his leisure in 
drinking and gambling — association with delinquents of 
the neighbourhood, it is these which lead to criminal 
behaviours, and these are psychological factors. 

There was once a theory that every criminal was a 
born criminal. We have outlived that theory and we 
have also ceased to believe that all children are born 
angels. We have however to recognise that every child 
is born with all those impulses, viz. jealousy, sex aggres- 
sion, egoism, etc., which if not properly adjusted may 
easily lead to the development of criminal habits. 

As punishment is not the topic of my present 
paper, I shall only briefly mention here that in order 
to be effective, punishment also should be based on 
psychological considerations. It is now a known fact, 
however strange it may seem, that many of theimpulsive 
activities of children spring from a desire to be punished 
and in such cases punishment, as it- is usually afforded, 
only strengthens the mischief making impulses of the 
children and the criminal propensities of the adults. 

Let me close my talk by citing an actual example 
recorded by East- Hubert which will show how psycholo- 
gical factors may lead to criminal activities. A man, 
aged 28 years, was imprisoned for 6 months for un- 
lawfully effecting a public mischief. Examination 
revealed that his father was violent and mother intem- 
perate, the home was neglected and he was removed 
and placed in the care of a charitable organisation at 
the age of twelve; he returned home when he was 35 
years old. At the age of sixteen he was convicted 
of housebreaking, larceny and malicious damage to 
property and was sentenced to Borstal detention. He 
joined the Army on release and served abroad — he 
alleged he was sent overseas as he accused a N.C.O. 
of sodomy. Some time later he was tried by court 
martial for shooting at a N.C.O. in barracks. He 
appeared to have no rational cause for the act and was 
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sent to a mental hospital and was later discharged 
from the Army. He obtained employment and about 
two years later was sentenced to nine months’ imprison- 
ment for uttering a letter threatening to murder a man 
on the grounds of alleged indecency. Several months 
later he sent a threatening letter to the wife of a later 
employer alleging she had murdered her husband. He 
stated he made the allegations because he was unable 
to keep his situations and wanted to bo arrested. He 
signed the letter and on each occasion gave his address. 
His bodily health was good. He was solitary and in- 
troverted *and had some insight into his condition. 
He felt he was two persons and that one gave instruc- 


tions to the other. He said he was quite willing to have 
homosexual attacks made upon him in the Army. 
He was unable to concentrate and was depressed. 
He felt increasingly powerful urges to murder someone 
and was much afraid that he would do so and also 
commit suicide. He drifted away from reality into 
his phantasies and became more and more detached. 
He was later certified as a person of unsound mind. 
Later he became hallucinated, violent and catatonic 
and was certified as a person of unsound mind. He 
was an excellent example of a man whose developing 
mental malady led to a great deal of criminal be- 
haviour. 


PLAGUE EPIDEMIC IN CALCUTTA 

MAHABIR RAY 

STATISTICIAN, CALCUTTA CORPORATION 


T^HE occurrence of indigenous Plague in Calcutta in 
* the summer of 1948, after a respite of more 
than 35 years, has made the citizens ‘Plague-minded.’ 
The likelihood of a recrudescence of this disease during 
the coming winter and summer months is not ruled 
out by competent authorities. 

It is thus an interesting study to examine the 
characteristics of the disease, the influence of the va- 
rious seasonal factors upon its intensity and spread 
and variations in the death-rates on the basis of age, 
sex etc. due to this disease which raged in a more or 
less virulent form in Calcutta for more than a decade 
at the beginning of the present century. The data, 
given here, have been obtained from the book “The 
Calcutta Plague (1895-1907)” — a Thesis submitted 
by T)r H. M. Crake, Asst. Special Health Officer, 
Calcutta, for his doctorate degree in medicine. Jt 
may be added that the Plague epidemic visited the 
city regularly for several years after 1907. 

As a disease may show an erratic behaviour at 
the time of its first, outbreak as also during its decli- 
ning stages, the data for the year (1903-04) which 
were available in all necessary details and the data for 
1905 have been examined in this paper. 

The number of attacks recorded per month is 
admittedly an under-statement and hence the number 
of deaths and the death-iate per month have been 
studied in conjunction with the seasonal factors pre- 
vailing during the month in question, in Section A. 
The procedure adopted has been to find the total and 
the partial correlation coefficients between the mon- 
thly death-rate on the one hand and the Mean Tem- 
perature (a?,), Mean Temperature Variation (# 2 ) and 
the Mean Humidity (# 3 ), averaged over the whole 
month in question, on the other, eliminating, as re- 
quired, the effects of one or more seasonal factors in 
the ease of the partial coefficients. 

In Section B the age-groupings and the sex of 
the persons attacked and deceased have been taken 
for the year July, 1903 to June 1904, as the data for 
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other years are not available in the book. It has been 
attempted to establish any significant variation in the 
attack and death-rate in the different age-groups 
and in the different sexes. 

SECTION A 


Table I 


Month 

Monthly 

death-rate 

Mean Temp. 

Temp. Varia- 
tion 

Mean Hu- 
midity 

1904 

(y) 

(*,) 

(*.) 

(*,) 

Jany. 

0.076 

66.1 

23.8 

66 

Feby. 

0.380 

70.9 

23.6 

62 

March 

1.781 

80.6 

22.3 

62 

April 

2.247 

86.3 

17.8 

72 

May 

0.662 

85.0 

16.6 

75 

June 

0.154 

84.8 

11.8 

84 

July 

0.045 

82.7 

8.9 

87 

Aug. 

0.029 

84.0 

9.9 

84 

Sept. 

0.009 

83.4 

11.5 

82 

Oct. 

0.012 

80.8 

14.9 

77 

Nov. 

0.040 

73.6 

17.8 

72 

Dec. 

0.080 

68.0 

20.2 

71 

Total 

5.515 

946.2 

199.1 

894 

1905 

Jany. 

0.260 

65.5 

20.6 

71 

Feby. 

0.521 

65.1 

21.1 

60 

March 

2.415 

76.7 

18.6 

74 

April 

May 

3.609 

81.5 

19.5 

73 

1.264 

84.4 

15.1 

78 

June 

0.193 

89.0 

16.0 

75 

July 

0.059 

83.3 

10.3 

86 

Aug. 

0.055 

84.1 

9.0 

86 

Sept. 

0.074 

83.3 

10.2 

85 

Oct. 

0.034 

81.2 

12.5 

81 

Nov. 

0.101 

73.5 

19.7 

70 

Dec. 

0.101 

67.1 

21.9 

66 

Total 

8.676 

934.7 

194.5 

905 


Here 

y monthly death-rate, due to Plague, per thousand, cal- 
culated on a total population of 8.5 lacs; 

x x wm daily Mean Temperature, ] 

x t *» daily Variation of Temperature, V all averaged over the 
a?i » daily Mean Humidity, J whole month. 

The values of the tot#l and partial correlation coe- 
fficients from the data for each of the years, 1904, and 
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1005 as well as the significance or otherwise of the 
improved estimates of, the values on combination of 
the results of the two years arc given below: — 


Corr. Cooflft. 

for 1904 

for 1905 

Combined estimate 

r*,x. 

-0.004 

-0.745 

significant 


-0.979 

—0.943 

significant 

Px,X, 

0.001 

0.780 

significant 

r*,y 

0.330 

0.098 

insignificant 

rx,y 

0.344 

0.328 

insignificant 

r *,y 

— 0.433 

0.170 

insignificant 

f x,y. x, 

0.807 

0.543 

0.749 significant 

r *,y. x, 

0.841 

0.374 

0.070 significant 

f x,y. 

0.809 

0.004 

0.708 significant 

r *.y. 

-0.435 

0.511 

insignificant 

'x.y. x, 

%0 . 855 

-0.395 

—0.089 significant 

r x.y x. 

-0.501 

0.443 

insignificant 

Tx,y. X|X| 

0.812 

0.402 

0.672 significant 

rx,y. x,x, 

0.302 

0.572 

insignificant 

rx,y. x,x. 

-0.042 

0.324 

insignificant 


It thus appears from above that x x and x :i tend 
to increase or decrease together while the reverse is 
the case with x k and x 2 , x 2 and u;.,. The total correlation 
coefficients show that with increasing x, and x 2) V tends 


Tho second partial correlation coefficient of y 
with x\, eliminating the effects of both x 2 and x 9 , is 
positive and strongly significant, while the other second 
partial correlation coefficients arc not significant. 

Thus, for example, an increase in the Mean Temp, 
tends to increase the death-rate, but at the same time 
tends to decrease the Mean Temp. Variation (causing 
decrease in the death-rate) and to increase the Mean 
Humidity (again causing decrease in the death-rate). 
Hence the first partial correlation coeff. of y (death- 
rate) with x x (Mean Temp.), eliminating either of the 
other two factors, as w r ell as the second partial cocff. 
of y (death-rate) w}th x u eliminating both the other 
factors, are positive and strongly significant, but the 
total correlation coeff. of y with x x is insignificant. 

SECTION B 

The following Table gives the age-groupings of 
plague attacks and deaths in Calcutta from July, 1903 
to June, 1904. The data are not available for any 
other year in Dr Crake’s book. 

Assuming 1/163 and 1/173 to be the population 
values for the case-ratio and the mortality- ratio, it 
appears that persons under 10 years are significantly 






Table 11 




Age -group 

Cases 

Deaths 

Population 

Case-ratio 

Mortality 

Limits on 5% level 





to pop. 

ratio to pop. 

Case -ratio 

Mort. -ratio 

Under 








10 yrs. 

542 

f>10 

120178 

1/222* 

1/236* 

1/152-1/176, 

1/161 -1/187 

10-19 

497 

888 

143440 

1/162 

1/152 

1/153-1/174, 

1/162-1/185 

20-29 

1172 

1(0)3 

200407 

1/170 

1/189 



30-39 

973 

913 

105574 

1/170 

1/181 



40-49 

712 

009 

109320 

1/153 

1/103 



50-59 

440 

424 

59965 

1/130* 

1/141* 



00 over 

419 

412 

42012 

1/101* 

1/103* 

1/144—1/185 

1/153 1/107 

Total 

5205 

4909 

847796 

1/103 

1/173 




to increase while with increasing x 3f y tends to decrease, 
though in no case is this tendency significant. 

The combined estimates of the first partial coe- 
fficients show that the correlation between y and x lf 


less susceptible and persons over 50 years aro signifi- 
cantly more susceptible to attack and death due to 
this disease. 

The data do not show r any significant variation, due 


Sex-groupings of Plague attacks and deaths from July , 1903 to June , 1904 


Sex 

Population 

Cases 

Case -ratio 

Mort. -ratio 

Limits on 5% level 





to pop. 

to pop. 

Case ratio 

Mort. -ratio 

Malo 

562690 

3527 

1/159 

1/169 

1/158—1/169 

1/167 1/179 

Female 

285200 

1078 

1/170 

1/181 

1/156 — 1/171 

1/165-1/182 

Total 

847796 

5205 

1/103 

1/173 




eliminating the effects of x 2 or x 3f is positive and strong- 
ly significant on 5 percent level and that between y 
and av>r eliminating the effect of x u is also strongly 
significant, the first positively, the second negatively, 
while the other first partial derivatives of y with x % 
or Xt are not significant. 


to sex, either in the case-ratio or in the mortality-ratio. 

It may be added that the conclusions arrived at 
are applicable to the climatic and environmental con- 
ditions etc. which prevailed in Calcutta during the early 
part of the present century and which may be taken 
to prevail in modern times as well. 


* In the ten yoars’ study of plague cases, as $ven in Dr point of interest to note in the statistical analysis of Section 
Crake's book (from 1898 to 1907), it is found that every year A is that the year 1905 is rather abnormal in the values of the 
plague attacks and deaths started increasing from January, monthly Mean Temperatures, In all other years studied the 
attained a peak in March or April, began to diminish and passed Mean Temperature increased from January to April, while in 1005 
into the 'quiescent stage' in July. The period January to June the Mean Temperature of February was lower than that in Janu- 
was designated as the ‘Epidemic , Period’ while the months ary. This accounts for, to a large extent, the rather lower value* 
June to December were named the 'Quiescent Period,' Another of some of the correlation coefficients obtained for that yew, 
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JAMES WILLIAM McBAIN 


T^HE choice of Dr James William MeBain, F.R.S., 
* Professor Emeritus of Chemistry of the Stanford 
University, U.S.A., as the first Director of the National 
Chemical Laboratory, Poona is in itself a promise and 
progress in chemical researches in India. 

Born on March 22, 1882 at Chatham, New Bruns- 
wick, Canada, Dr J. W. MeBain is the son of a Doctor 
of Divinity and comes of a family markedly believing 
not only iiThigher learning but in a religious philosophy 
of life. 

All throughout his career Dr MeBain has distin- 
guished himself as a lover of knowledge, an instigator 
of researches, a motive power in scientific pursuits 
and as a great organiser of scientific researches. His 
eminence as a scientist maintains a very high position 
in the International Scientific World. 

Educated in Rhodes island in his early years, 
Dr MeBain had his training for bachelor’s and master ’« 
degrees at the University of Toronto, wherefrom he 
obtained A.B. in 1903 and M.A. in 1904. After a pe- 
riod of post-graduate study at Leipzig University 
(1904-05) and at the University of Heidelberg, Dr 
MeBain obtained Ph.D. degree in 1906 and soon after 
actively associated himself with plans for the new 
University of Bristol, England, where he joined as 
Lecturer in Physical Chemistry. At the University 
of Bristol he achieved such distinction that a new 
professorship was established in 1919 by Lord Lever- 
hulmo to hold him down. This practical device, how- 
ever, worked for but seven years only, and in 1927 
Dr MeBain accepted an invitation from the Stanford 
University, California as Professor of Chemistry. 

While at Bristol he was a Captain of the Territorial 
Force, with 3rd Officer Cadet Battalion for the period 
1911-19, and was mentioned for distinguished services 
in 1917. Also during World War I he was attached 
to the Ministry of Munitions, Great Britain. As a 
Captain, ho earned the credit of training 1,300 Officers 
for the Service. 

His contributions to scientific knowledge are volu- 
minous and valuable from the point of view of both 
theory and application. Dr MeBain has made 
many outstanding contributions to varied problems of 
Physical Chemistry. He has published more than three 
and a half century of papers of merit and application, 
covering practically every phase of the science of 
colloids. A major portion of Dr McBain’s efforts 
has been devoted to the fundamentals of the be- 
haviour of soaps. 

The comprehensive projects in which Professor 
MeBain and his group of co-workers are interested are: 

(a) The theory of colloids; a group of experi- 
mental studies towards deciding outstanding problems 
in the science of common, every day materials, for the 
study of which adequate experimental and theoretical 
methods have only recently been developed. These 
include use of the MeBain sorption balance and the 
MeBain spinning top ujtraceptrifuge. 


(h) A complete study of the behaviour of soaps 
and their solutions (36 years of intensive work have 
been given to this subject with widely recognized re- 
sults but the greater part still remains to be done). 

(c) The elucidation of the structure and proper- 
ties of surfaces; (>.a. } their composit ion and mechanical 
arrangement, their electrical properties, their dissocia- 
tion and conductivity and the development of their 
thermodynamic theory. Surfaces are universal in 
all common materials, including all living matter, and 
playing a predominating role in life processes. 
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(d) The nature and mechanism of adhesives and 
adhesive act ion— the only systematic study which is 
being made in this field. The work was initiated on 
behalf of the British Government. The results, like * 
those of the previous projects, find close relations to 
problems of biology and colloids. 

(e) The nature, mechanism and laws of adsorp- 
tion. 

(f) The dissociation theory of salts in aqueous 
and nonaqueous solutions; experimental studies to- 
wards the broadening and unification of the treatment 
of this subject, at present almost wholly neglected 
except from the standpoint pf the assumption of 100 
percent dissociation of the simplest salts in aqueous 
solution. 

During his stay in England Dr MeBain served 
as an honorary advisory ^member on Dental Investi- 
gation Board, Corrosion Committee, Building Research 
Board, Adhesives Research Board, Laundry Research 
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Oomraittee.etc. He was elected Fellow of the Royal So- 
ciety of London in 1923; Fellow of the Institute of 
Chemistry and a Fellow of the Institute of Physics. 
He was awarded the Davy Medal of the Royal Society 
in 1929. 

Dr McBain is a member of the American Asso- 
ciation of University Professors; the Association of 
University Teachers, Great Britain (President 1922- 
23); Bristol University Alumni Association (President 
1923-20); Bunsen Gesellschaft; London Chemical So- 
ciety; Society of Rheology ; Faraday Society (Vice- 
President 1926-29); American Chemical Society (Chair- 
man, California Section 1930-31); American Associa- 
tion for the Advancement of Science; British Associa- 


tion for the Advancement of Science; Colloid Commit- 
tee of the National Research Council. He is also 
the Associate Editor of the Journal of the American 
Chemical Society and the Journal of Physical Chemistry . 

Besides scientific papers and articles Dr McBain 
is the author of the following standard books: (1) The 
Sorption of Gases and Vapours by Solids, George Ront- 
ledge & Sons Ltd., London 1932; (2) Colloid Science, An 
Introduction to the Study of Organized Matter, 
Health k (Jo., Boston (in press); and (3) Solubilization, 
Jts Relation to llydrotropy etc. (in preparation). 

I)r McBain will assume charge of his new ap- 
pointment in October next. 


Notes m\d Nems 


OBITUARY : HOWARD S. FAWCETT 

Dr Howard S. Fawcett, Plant Pathologist of the 
California University and California Agricultural Ex- 
periment .Station, stationed at the Citrus Experiment 
Station, Riverside, California, U.N. A died in River- 
side on December 12, 1948, at the ago of 71. 

Bom in Salem, Ohio, Dr Fawcett received his 
education at the Iowa State College and at the Uni- 
versity of Horida, and was awarded his doctorate from 
the Johns Hopkins University in 1918. He began 
his career in 1906 as plant pathologist in Florida, then 
accepted in 1912 an appointment with the California 
Commission of Horticulture, and a year later in 1913, 
he joined the staff of the California University and 
the California Agricultural Experiment Station. 

Dr Fawcett was widely known all over the world 
for his work on citrus diseases; ho was the author of 
innumerable publications, including his monumental 
book, “Citrus Diseases and Their Control.” 


USE OF ISOTOPES IN MEDICINE 

Dr Paul C. Aehersold furnishes specific data on 
distribution of isotopes for medical and biological pur- 
poses during the past two years. Isotopes were dis- 
tributed from Oak Ridge, Tenn. From August 1946 
through May of 1948, 21,103 shipments of isotopes 
for study in animal and human physiology and medi- 
cal therapy were made. Fortythree institutions are 
now using phosphorus of P-32 for medical therapy; 
38 institutions are using iodine in medical therapy; 


lift institutions are using several of the isotopes in all 
fields of study including investigative and therapeutic 
application. 

Over 70 per cent of all shipments have been for 
investigation in therapy and human physiology; the 
remaining fields of study have been in chemistry, phy- 
sics, industrial research and metallurgy. Of those used 
more in medical therapy,! -131 and p 32 account for the 
greatest part inasmuch as the half-life of these 1-131 
(eight days) and P-32 (14 days) permit a much greater 
rapidity of decay and therefore shipments are required 
more frequently. Isotopes are being shipped to 30 
States in the United States, the largest amount is at 
present going to Massachusetts. Illustrations of uses 
of 0-14 in metabolic studies include (1) Protein meta- 
bolism with labelled amino acids — leucine, glycine, 
lysine and amino adipic acid, alanine, (2) Carbohy- 
drate metabolism with labelled intermediates such as 
lactic, pyruvic, oxalaeetic and proprinonic acid and 
(3) Fate of labelled fats. 

Other illustrations of uses of P-32, 8-35, Ca-45 
are also mentioned. The author mentions the fact 
that investigators in foreign countries can obtain iso- 
topes by application through the Commission. Twen- 
tynine radioisotopes of 20 elements which are of parti- 
cular value in biological and medical studies are avai- 
lable. It is stated that although international dis- 
tribution has been in effect only 10 months, shipments 
have already been made to 14 countries. The author 
considers that these studies are opening a new field 1 
for specialization known as “isotopology.” Although 
the use of these substances can be fraught with hazard 
there has been collected a large amount pf knowledge, 
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on how to control them and with this knowledge and 
a healthy respect for the 1 materials to be handled, safe* 
conditions of work can be easily established. [Journal 
of the American Medical Association , 138 t 1222-1225, 
December, 1048). 


URANIUM DEPOSITS IN THE U.S.S.R. 

' • tlUsskn research on radioactive minerals began in 
lfiOlMtJOk with the work of I.A. Antipov in the Fergana 
Valley of Russian Central Asia* Field work in 1014 
indicated the presence of deposits of sufficient quanti- 
ties in two areas with possibilities of commercial deve- 
lopment. One was Tyuya Muyun in the Fergana 
Valley with deposits of tyvyamvniie , Oa (U0 2 ) 2 .V 2 () s . 
6H 2 0, closely comparable to the carnotite of the Ame- 
rican South-West. The other was the North-West 
slopes of the Khamar-Daban Range, especially near 
Slyudyanka and along the Trans-Siberian railroad 
between Baikal and Kult.uk, characterized by sites 
rich in menddycevitc , with the probable composition, 
20a0.2(Ti, U)O a .(Nb, Ta) a () r> , strikingly similar to be- 
tafite and alliecl niobium-tantalnm-uranium minerals 
of Madagascar. Between 1008 and 1913, at Fergana 
the ore mined was 2,008,000 pounds, 1,512,000 pounds 
of which has been sent to its plant in Leningrad for 
refining. The ore contained on the average, 2.30% V, 
0.97% ET, 0 8 and 3.73% Cu. 

The Tyuya Muyun deposit was a vein field in highly 
metamorphosed Paleozoic limestone, closely associated 
with extensive karst channels and eaves. The vein 
field consists of at least five barite ore veins bearing 
uranium, vanadium, and copper minerals and of over 
30 pure barite veins. The barite veins extend up to 
1 ,500 meters from the center of the deposit; the maximum 
depth of the main vein may reach 500 meters. Run- 
of-the-mine ore averages 1.5% IJ, () 8 , with a range of 
0.6 to 4.0%, the higher values being found in the lower 
horizons. The uranium oxide content of the amorphous, 
brown, eupro-uranium carbonate lenses runs from 
26.12 to 50.25%. The mine produced 534 metric tons 
of hand-sorted ore in 1925-26. By 1936, the quantity 
of radium extracted from these ores and from radio- 
active waters near XJkhta was sufficient to meet the 
needs of the Soviet Union. 

In 1937, an important ore deposit was found at 
Agalyk in Central Asia, but the geology of the site was 
not clearly known. In 1940-41 , the presence of urani- 
nium was established in a vanadium site in the North- 
Western tip of the Karatau Range. It represents a 
sedimentary deposit with subsequent metamorphism 
which created a reiterated interbedding of thin bands 
of vanadium ores (with uranium -mineral accumulations) 
with flint bands. The total amount of uranium in the 
ore body (which extends for 25-30 km, with a thickness 
of 10- 14m) was great. 

In the area of the Khamar-Daban Range, mendc- 
lyeevite was found in two phases, crystalline and amor- 


phous, with differing compositions and physical pro- 
perties. Total uranium -oxide content in all samples 
ranged from 19.70 to 28.90%. The discovery of three 
major phlogopite mica deposits in the Aldan gold 
field area — Eineldzhik, Kuranakh, and Chuga or Ust 
Nelyuka — indicated the probability of corresponding 
uranium finds to an unknown degree. Great impor- 
tance was also attached to the Ukrainian magnetito- 
ortite pegmatites, particularly in the areas of Novcgrad 
Volynskii and Berdyansk -Mariupol. 

Soviet discoveries of uranium in Central Asia 
within the last decade would provide a possible basin 
for the development of atomic power in that area. 
Moreover, all of the Central Asiatic deposits were found 
within a radius of 250 miles from the important hy- 
droelectric plants of the Tashkent area, which product d 
882,000,000 kilowatt-hours of energy in 1943. f Jhcre 
w r ore also great possibilities for the discovery of signi- 
ficant uranium deposits associated with pegmatites 
in the region between Lake Baikal and the Aldan gold 
fields and in the Ukraine. ( Science , January 21, 1949). 


NEW MACHINES FOR ATOMIC RESEARCH 

Two new machines have been built at the Brook- 
haven Laboratory, Upton, Long Island, New York. 
Dr M. G. White, the director of the laboratory, stated 
that the cosmotron, one of the machines, wdll be used 
to bombard the nuclei of atoms with atomic particles 
at energies of 2500m to 3000m. electron-volts or 10 
times greater than the most powerful synchro-cyclo- 
trons at present in existence. The other machine was 
an electric furnace costing $20 million to construct. 
The intensity in the neutron radiation in the centre 
of the pile was such that five trillion neutrons a second 
would pass through every square centimetre of surface 
exposed. The details of these machines were revealed 
at the annual meeting of the American Physical Society 
at Columbia University, (The Chemical A(je y Febru- 
ary 12, 1949). 

FOREIGN SCIENTISTS INVITED J6 NUCLEAR 
STUDY INSTITUTE 

The radioactive isotope training facilities of the 
Oak Ridge Institute of Nuclear studies have been 
opened to a limited number of foreign scientists who 
plan to use radioactive isotopes in their research. The 
Institute, composed of 19 Southern universities, through 
a contract with the Atomic Energy Commission con- 
ducts a broad programme of research and training in 
the nuclear sciences. 

Applications arc received by the State Department 
through the Washington Embassy of the country of 
origin and are accepted from citizens of nations which 
are qualified to receive radioactive isotopes. The 
course is completely unrestricted and is limited to the 
use of radioactive isotopes in research. It has no 
relation to classified use of atomic energy. 
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NEW PROCESSES OF LOW COST FRENCH PILE 

France has completed a self-sufficient atomic 
energy pile at a price of only 3 billion francs, far less 
than U.S. and British appropriations for similar pro- 
jects. The pile was begun three years ago and is in 
operation in Fort de Ghatillon, near .Paris. France 
hopes to trade several novel processes used in the cons- 
truction of the pile with other nations for raw materials 
or other secrets, stated Frederic Joliot-Ourie, Head 
of the French Atomic Energy Commission. He also 
emphasized that competitive commercial secrets 
rather than military secrets are involved. Research 
will be devoted to radioactive isotopes for medical, 
biological, and industrial purposes, harnessing of ato- 
mic energy for heat and electrical power, and protec- 
tion from atomic explosions. 

Heavy water, said to have been obtained from 
Norway in exchange for technical information, is used 
rather than graphite as a restrainer. Commercial 
quality graphite is scarce in France, and industry 
there is virtually incapable of obtaining the absolutely 
pure product needed in the piles. The uranium for 
the pile, which is in the form of uranium oxide rather 
than the metal, is said to consist principally of the 
stock which Dr Joliot-Ourie had obtained before the 
war for his own research. The process by which the 
French have been able to refine this oxide to a higher 
degree than has ever before been attained is one of 
the secrets which France is depending upon to aug- 
ment her bargaining power in the market for atomic 
raw materials. 

A much larger installation is already being built 
at Naclay, another Paris suburb. Although it is to 
use heavy water, metallic uranium will be the raw 
material. (Chemical ami Engineering News, January 
3, 1049). 


SILVER-1 10 FOR ATOMIC MOVEMENT 

Radioactive materials were used to trace atomic 
movement at the General Electric Research Laboratory, 
New York. In a recent experiment, it was found 
that silver atoms in metallic silver would move between 
the grains 1/10 in. per week at 500°C. The experiment 
was done with a radioactive isotope of silver, called 
“Silver-1 10”, which was electroplated on the surface 
of an ordinary silver block. After several hours at 
500 °C, the specimen was cooled and layers of thick- 
ness of tissue paper were shaved from the block. 
Each layer was checked for radioactivity with a Geiger 
counter, to determine how far the tagged atoms had 
penetrated. The radioactive silver-110 was found to 
be a potent source of detectable beta- and gamma- 
rays. These studies would throw new light on the 
internal structure of metals. It was stated that atoms 
passing through rather than round the grains take about 
10,000 years to move an inch. (The Chemical Age , 
February 5, 1949). 


NOISE THERMOMETER 

The world’s most accurate thermometer has been 
designed at the University of Chicago's Institute of 
Metals. Two young physicists have put the noise 
of bouncing atomic particles to work. As the mole- 
cules move, they hit free electrons, which bounce off 
like billiard balls as they are thousands of times lighter. 
As the electrons bounce, they set up small electrical 
impulses, which can be amplified and measured. These 
amplified impulses can be heard as noise. f Jhey can 
also be put to use telling temperature, since they increase 
with the amount of molecular motion, and, therefore, 
with the amount of heat. As we know, heat is simply 
the motion of molecules. The complicated instrument 
is called the “Noise” thermometer. It converts the 
noise into pulses which are visible on an oscilloscope, 
and from which accurate temperatures can be calculated. 
This thermometer can indicate accurate readings between 
a fraction of a degree above absolute zero (abs. zero 
is minus 459. OF., the point where molecular motion 
stops, and the noise vanishes) to 5,000F. At the high 
end of the range the thermometer is more accurate than 
any other type. It is completely unaffected by pressure. 
The thermometer is specially suitable for jet -engines 
for determining the high temperature of the exhaust 
gases and the internal parts of the engine. (Journal 
of the Franklin Institute f January, 1949). 


PATULIN AGAINST CANCER 

Patulin, a water soluble antibiotic, was first dis- 
covered as a metabolic product of Aspergillus clavaius 
and was isolated from Pennicillimn, clavifoime by Chain 
in 1942. Tt was also obtained in cultures of Pernii- 
cillimn patulum . Patulin was found to be more toxic 
to leucocytes and tissues than to bacteria. In 1944 
Dr Hildegard Vollmar of the Chemotherapeutic Re- 
search Institute, Frankfurt, examined the way in which 
certain bacteria and their metabolic products influenced 
the growth of cancerous tissues. In collaboration with 
Dr Moll of Messrs. E. Merck in Darmstadt, Dr Vollmar 
found that normal skin tissues (in culture) after the 
addition of patulin in concentration of 1 : 50,000 was 
stimulated to an extraordinarily rapid growth, which 
was even more marked when a more concentrated 
Patulin solution (1 : 25,000) was used. But if the pa- 
tulin solution was further concentrated (1 : 10,000) 
a growth-inhibiting effect was noticed, leading to 
a complete stoppage of growth when a solution of 
1 : 5,000 was applied. 

The same stimulating effect of dilute patulin and 
the same paralysing effect of more concentrated 
solutions was also observed with white blood cells. 
Dr Vollmar also proved that dilute solutions of patulin, 
which stimulated the growth of normal tissue cultures, 
acted as an inhibiting agent w r hen applied to a 
culture of cancerous tissue. After the additions of 
these solutions (1 :50,000 and 1 : 25,000) the malig- 
nant tissues increased by only a very few cells which 
appeared to be degenerate, The main points of 
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her experiments were the following : (1) the growth 
of normal skin tissues was accelerated by the addition 
of dilute solutions of patulin (1 : 50,000 and 1: 25,000); 
n[2) the mobility of white blood cells increases proper* 
tionately under the impact of the same solutions; 
while (8) the growth of malignant tissues in culture 
was retarded after the application of these patulin 
solutions. Dr Vollmar planned further investigations 
of this seemingly dual and contradictory eft cot of 
Patulin, but she and Dr Moll were both killed in an 
air raid on Darmstadt in December 1944. The result 
of* their experiments has recently been published in 
a German scientific journal. ( Discovery , January, 
1949). 

ATOMIC CLOCK 

An atomic clock has been developed at the National 
Bureau of Standards which tells time by the movements 
of atoms in molecules of ammonia. Parts of the atomic 
clock include a quartz crystal oscillator, a frequency 
multiplier, a frequency discriminator, a frequency diver, 
a special 50-cycle clock and a waveguide absorption 
cell. The cell is a 80 ft. copper tube, w ound in a compact 
spiral around the clock and is filled with ammonia gas. 

The actual clock is electrically driven, world’s 
most accurate electric clock. A low frequency radio 
signal is generated by the crystal oscillator and trans- 
formed into a microwave signal. This signal is compared 
with the natural vibration of the ammonia molecule 
and adjusted to agree with the molecular vibration. 
The resulting signal controls the electrically-driven 
clock. 

While the atomic clock is in operation, the moni- 
toring oscilloscope continuously displays a trace of the 
3,3 absorption line of ammonia. The 8,3 line, strongest 
of many absorption lines in ammonia, corresponds 
tp the quantum transition in which the quantum num- 
bers J and K both have, the value 3. The symmetric 
output pulse is produced by absorption of the FM 
control signal as it sw eeps across the natural absorption - 
line frequency of the ammonia gas. The sharpness 
of this line on the oscilloscope screen is an indication 
of the time keeping accuracy of the atomic clock. 
The new clock has a constancy of better than one part 
in 20,000,000. Potential accuracy theoretically is 
rated at one part in 1 0,000,' 000 ,000. 

The new clock is independent of astronomical 
calculations and promises advances in radio, astronomy 
and materials study. Atomic control of higher frequen- 
cies will aid radar, other microwave equipment and 
television relays. This revolutionary instrument is 
independent of the rotation of the earth on its axis 
as it revolves round the sun and is unaffected by tem- 
perature, pressure and aging. The atomic clock will 
greatly improve astronomical calculations and obser- 
vations, long-range navigation and communication 
systems, and systems where atoms serve as electronic 
components, including radio filters, telephone relays 
and radar, ( Science News Letter , January 15, 1949). 


BY-PRODUCTS OF INDIAN TOBACCO INDUSTRY 

Next to the United States, India is the most im- 
portant tobacco producing country in the world, having 
an annual output of 879 million pounds. Processed 
tobacco products including pipe tobacco, cigarettes, 
cigars, chewing tobacco, snuff, and bidie have an an- 
nual value of 37 crores of rupees. 

Tobacco leaf required for cigarette manufacture 
is obtained from the plant after it flowers and bears 
fruit. Tobacco seeds yield 25 to 40 per cent of a 
greenish yellow oil, solidifying at 25°0 and drying 
on exposure to air. It is rich in linoleic acid and 
contains a fair amount of unsaturated glycerides. It 
resembles soya bean and til oils in composition, is 
classed as a semidrying oil, inferior to linseed oil, and 
has found use in the preparation of special types of 
dull paints. 

Experiments by Rapp and Skinner suggest that 
tobacco seed oil can be used for edible purposes, pro- 
vided it is stored at low temperatures and surface 
exposure favouring oxidation is minimized. Its diges- 
tibility is 97 per cent compared with 99.1 per cent 
and 98.2 per cent for cottonseed oil and butterfat res- 
pectively. Hydrogenated tobacco seed oil is a useful 
raw' material for soap making. 

Tobacco seed meal constitutes 59 to 75 per cent 
of the seed content. It consists of 2(5.53 per cent 
protein; 1.54 per cent oil; 31.41 per cent carbo- 
hydrate; 19.9 per cent crude fiber; and 5.59 
per cent ash. The protein is deficient in lysine. 
Biological value and digestibility coefficient of 
tobacco seed meal are 51.4 and 78 compared w ith 
78.5 and 98 respectively for skim milk. When 
mixed with lysine the former has a biological value 
of the same order as that of milk products. The 
rich protein content of the seed makes it a potential 
raw material for the plastics industry. The seed cake 
is also rich in potash and phosphorus. 

The Indian tobacco industry annually yields about 
100 million pounds of midribs, stalks, and simi- 
lar waste. Utilization of these by-products is under 
active investigation. Promising outlets for tobacco 
scrap and dust are in manufacturing nicotine and ni-, 
cotinic acid and conversion to manure by composting 
or ashing. A process for manufacturing a 40 per cent 
solution of nicotine sulphate in marketable form had 
been developed in the Ordnance Laboratories, Kanpur. 
Deficiency of nicotinic acid is widespread in India 
and as such this vitamin is needed for the treatment 
of pellagra and for fortifying wheat flour. Annual 
requirements of this acid are computed at 3 million 
pounds. Other constituents of tobacco waste include 
citric acid, malic acid, pectins, and resins. 

Tobacco stalks and midribs form valuable poten- 
tial sources of potash. The midribs contain 1.5 to 
2.06 per cent of nitrogen and are composted easily. 
The tobacco ash carries L4 to 1.97 per cent of phos- 
phoric pentoxide and 28.81 to 29.75 per cent of potash; 
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as such it constitutes a valuable manure. (Chemical 
and Engineering News, November 29, 1948). 

ROY COMMITTEE’S REPORT ON OVERSEAS 
SCHOLARSHIPS SCHEME 

The Committee appointed by the Ministry of 
Education, Government of India to enquire into the 
progress and scope of the Overseas Scholarships Scheme 
(See Science and Culture 10 , 331 , 1945) has recommended 
that the Scheme should be continued for a period of 
five years in the first instance. 

The Committee consisted of I)r B. C. Iioy (Chair- 
man), Dr. H. J. Bhabha, Dr B. B. Dey and Prof. 
N. K. Siddhanta. In its Report which has just been 
published, the Committee have recommended that the 
ultimate objective should be to develop the scientific, 
technical and educational institutions in India to such 
a level that training for all branches of study, theoreti- 
cal and practical, would be available within the country. 
Scholars should therefore be sent abroad with a view 
to manning Indian educational institutions on their 
return. Another important recommendation of the 
Committee is that Universities, public bodies etc., 
which participate in the Overseas Scholarships Scheme 
should bear half of the expenditure on the scholarships 
allotted to them. 

In view of the fact that in most cases scholars 
sent abroad are to become teachers for advanced 
studies after their return, the Committee feels that 
scholarships should be awarded only to persons who 
have proved their ability for research. The Committee 
has also recommended that attempts should be made 
to place scholars in institutions other than those in 
English speaking countries, where adequate facilities 
are available, that the number of overseas scholarships 
should be progressively reduced and that side by side 
with the Overseas Scholarships Scheme Government 
should assist the development of existing technical 
institutions by grants for equipment, wherever 
necessary, and by sending teachers abroad for refresher 
courses. It recommends that foreign experts should 
also be invited for short periods to give lectures etc. 

Regarding the award of scholarships, the Committee 
is of the view that merit alone should be the basis for 
the award of scholarships though preference may 
bo given to educationally backward communities in 
cases where two or more candidates are available pos- 
sessing similar qualifications and ability. 

The Government of India have since then decided 
to revive the Overseas Scholarships Scheme in a modi- 
fied form from the coming financial year. The mo- 
dified scheme is largely based on the recommendations 
of the Roy Committee, which was set up with a view 
to making recommendations for its improvement. 

The main objective of the modified Scheme will 
be to send persons for training abroad in subjects, 
facilities for which are not available in India, partly 


to ensure improvement in the standard of instruction 
and research in the country itself, and partly to meet 
the needs of the Central and Provincial Governments. 
Only such persons will be sent abroad as can be absor- 
bed in specific undertakings, in operation or planned, 
on their return. 

The scope of the scheme has been extended, so as 
to meet the requirements, not only of Government 
Departments and of Government sponsored industry, 
but also of educational institutions like Universities and 
research and technological institutions. The needs 
of pubile utility concerns will also be taken into consi- 
deration. 

The choice of scholars for training under the new 
scheme will be mainly from among persons who have 
spent some time in a Government organisation, an edu- 
cational institution or a public utility concern, and 
who are recommended for selection by their employers. 
On return from abroad they will be expected to serve 
their parent institutions. 

The Parliamentary Standing Committee of the 
Ministry of Education, under the Chairmanship of the 
Hon’blo Maulana Abul Kalam Azad has since then 
approved of the new Overseas Scholarship Scheme, anew 
feature of which will be the adoption of a means test 
under which the scholar to be sent abroad will be paid 
a scholarship or subsidy according to his particular 
levels of income. 


ENTOMOLOGICAL SOCIETY OF INDIA 

The Eleventh Annual General Meeting of the 
Society was held on January 4, 1949 at the University 
of Allahabad. Dr H. S. Pruthi, Plant Protection Adviser 
to the Government of India, Ministry of Agriculture, 
presided. 

In the course of his presidential address on the 
“Need for fundamental research on insects in India”, 
Dr H. S. Pruthi urged the necessity for establish- 
ing a National Entomological Laboratory to promote 
fundamental researches on Insect Morphology, Sys- 
tematica, Ecology, Physiology, Cytology and 
Genetics. This Laboratory could establish co-ordination 
with universities initiating fundamental work on insects. 

It is estimated that the damage caused by insects 
to agriculture in India is more than 10 per cent of the 
crop yield. This ordinarily involves a loss of About 
500 crores of rupees per annum and 5 million tons of 
food crops which is about twice as much as our total 
imports of food grain to meet the deficit in our food 
production. 

Dr Pruthi further stressed the need for researches 
on industries based on insects e.g., bee- keeping, 
silkworm rearing and lac culture. 

The following were duly elected office-bearers of the 
Society for the year 1949-50 : 

President : I)r H. S. Pruthi (New Delhi); General 
Secretary ; Dr S. Pradhan (New Delhi). 
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DR P. N. BHADURI 

Dr P. N. Bhaduri, Lecturer in Botany, Calcutta 
University, is appointed Cytogeneticist at the Indian 
Agricultural Research Institute, New Delhi. A dis- 
tinguished cytogeneticist, Dr Bhaduri has developed 
a new Staining Technique (Feulgen Light Green Method) 
which attracted attention of cytologists from different 
parts of the world and this method until now is consi- 
dered to be the only specific staining method for Nuo- 
Ifcoli i.e. f the small bodies present in nuclei of plant 
and animal cells. 

In a series of contributions Dr Bhaduri has estab- 
lished that the number and size relationship of nucleo- 
li in plant colls is a specific character. A study ol these 
characters has led to important generalization leading 
to the establishment of affinities between groups 
of plants. He has further advanced the theory of 
fragmentation of chromosomes at particular loci as a 
physical basis of speeiation. His recent contribution 
on the mechanism of colchicine action and induction 
of polyploid plants such as jute and others have 
received wide attention. 

Dr Bhaduri rendered conspicuous services as 
Honorary Secretary, Botanical Society ol Bengal, from 
I944.4H and was responsible for the issue of a Bulletin 
by the Society, that has earned appreciation both in 
India and abroad. 

Dr Bhaduri was a student at the King's College, 
London (1037-41), where he worked under Prof. R. 
Ruggles Gates F.R.S. He was elected a Fellow of the 
National Institute of Sciences of India in 1044. 


DR P. MAHESHWAR1 

Prof. P. Maheshwari, Professor of Botany and Head 
of the Department of Biology and Dean of the Faculty 
of Science, Daeca University, Eastern Pakistan, is 
appointed University Professor and Head of the De- 
partment of Botany at the Delhi University. A 
distinguished Angiosperm Embryologist, Prof. Mahe- 
shwari is known all over the world for his contributions. 
He is the author of an advanced text book on the 
“Embryology of Angiosperms” (in the press) and is 
editing a book entitled “Manual of Angiosperm Em- 
bryology” to be published by the Chronica Botanicu. He* 
has travelled widely in the LJ.S.A. during his study 
tour in 1945-47. 

Earlier in 1936-37, he came under the influence 
of Tischler at Kiel and Schnarf in Vienna and since 
then has been responsible for the building up of an active 
school of einbryologieal researches in India. 

Dr Maheshwari was elected a Fellow of the National 
Institute of Sciences of India in 1935 and is the Presi- 
dent-elect for the Section of Botany at the Thirty- 
seventh Indian Science Congress to be held in Poona 
in January 1950. 


ANNOUNCEMENTS 

Prof. P. C. Mahalanobis, Director, Indian Statistical 
Institute, Calcutta and Statistical Adviser to the Govern- 
ment of West Bengal, is appointed Honorary Statis- 
tical Adviser to the Government of India. He Mill act 
as the Chairman of the Inter- departmental Committee 
on Statistics which will co-ordinate the collection of 
statistics at the Centre, the Provinces and the States. 


Prof. S. R. Bose, Professor of Botany, R. G. Kar 
Medical College, Calcutta is elected a Vice-President 
of the Section of Mycology and Bacteriology at the 
Seventh International Botanical Congress to be held 
at Stockholm in 1950. 


Sri K. Seshagiri Rao has succeeded Sri K. Rama 
Pai, as Controller of Patents and Designs, Government 
of India. Graduating with Honours in Physics from 
the Madras University, Sri Rao worked as Madras 
University Research Scholar under Prof. C. V. Raman, 
at the Indian Association for the Cultivation of 
Science, Calcutta. He published a number of papers 
on scattering of light in gases and liquids. In 1923 
he joined the Patent Office as an Examiner of Patents 
and was responsible for the preparation of a classified 
abridgement of Patent specifications, according to 
Industries from 1945-48. 


Unesco World Review announces its first special 
supplement which will he entitled “Tribute to Albert 
Einstein”. 

The great physicist celebrated his 70th birthday on 
March 14, and to mark this occasion Unesco prepared 
a special 30 minute programme consisting of personal 
tributes by three of the world's most famous scientists. 
The three contributions dealt with three aspects of 
Einstein's character and work — the man, the scientist, 
and the seeker of peace. These tributes were written 
by Niels Bohr, Danish physicist and Nobel Prize-winner, 
Jacques Hadamard, French mathematician and founder 
member of the League for the Defence of the Rights of 
Man and Arthur H. Compton, one of America’s 
foremost scientists and educators and a Nobel Prize- 
winner. 

At the 286th Anniversary meeting of the. Royal 
Society, the following were elected as officers of the 
Council for the current year : 

President : Sir Robert Robinson; Treasurer : Sir 
Thomas Merton ; Secretaries : Sir Edward Salisbury 
(Biological); Prof. J). Brunt (Physical); Foreign Sec- 
retary; Prof. E. D. Adrian. 

Prof. Brunt is the Professor of Meteorology at the 
Imperial College of Science and Technology, London, 
and succeeds Sir Alfred ’Egerton, who retires after 10 
year® of service as Secretary . 
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Dr H. G. Biswas, Director, Sir Prafulla Chandra 
Research Laboratory, Bengal Chemical and Pharma- 
eeiitieal Works Ltd., Calcutta, has returned from his 
tour iir Europe where he visited many leading chemical 
factories in England, Germany and Switzerland and 
arranged for import of plants and machineries for 
chemical industries. He also worked on the chemical 
constitution of Andrographolid, the active principle 
of Kahnryh in Prof. Karrer’s Laboratory at Switzerland. 


Sri Sasanka Sokhar Sircar, Anthropologist, Depart- 
ment of Anthropology, Government of India, is ad- 
mitted to the degree of doctor of science of the 
Calcutta University, for his thesis entitled “Studies 
on Twins”. The thesis was adjudicated by a Board 
of Examiners consisting of Prof. R. Ruggles Gates, 
F.R.S., Prof. L. S. Penrose, and Prof. W. Le Gros 
Clark, F.R.S. The investigations were carried out at 
the Bose Research Institute, Calcutta. 


BOOK REVIEWS 


Heredity — By A. Franklin Shull. McGraw Hill Book 

Company, Inc., 4th Edition, Price $ 4.00. 

The study of heredity is now acclaimed as one 
of the most important branches of higher biology. 
Heredity in its practical aspects was known to the early 
eighteenth century hybridists. But the credit of 
knitting together these fragments of knowledge into 
a scientific whole goes to Gregor Mendel. The socio- 
logical side of the heredity problem was ushered in by 
Sir Francis Gallon in the form of Eugenics. 

The book under review deals with the various aspects 
of heredity in 2ti chapters, followed by an appendix 
on quantitative characters. In the first chapter the 
author traces the historical development of heredity 
to its modern status. The 2nd and 3rd chapters deal 
with cells, cell-division and the various important 
modes of reproduction — vegetative, sexual and asexual. 
The role of genes — those mystical ultrasmall proteinous 
substances, as the carrier of hereditary characters is des- 
cribed in three subsequent chapters. The chapter on 
Back-cross and Test-cross, though somewhat brief, 
is highly stimulating. The sex dependence of various 
characters, multiple alleles, interaction of genes etc. 
are described in chapters 8-16. In the chapter on 
Heredity and Evolution the author seems to have 
skipped over the possible effect of cosmic-rays on living 
cells (including chromosomes) in bringing about muta- 
tion of species. In this and several previous chapters 
the author has freely drawn from the historical Dros- 
ophila experiments. 

The remaining 7 chapters deal exclusively with 
the human side of the heredity question. The facts 
about the Rh factor in blood are well described. The 
bearing of hereditary influence on mental life has been 


properly stressed. To quote the author “On the credit, 
side of the genetic ledger no item is of more importance 
than intelligence”. It amuses one to learn that, such 
an abstract subject as mathematics is a family accom- 
plishment and that the Bernoulli family included at 
least eight important mathematicians. 

Eugenics, as a possible method of making better 
human society, is described at some length. •The 
socio-political aspects of heredity have been described 
concisely in the two concluding chapters. Author’s 
suggestion that the immigration policy of the U.N.A. 
should he based on genetic constitution, rather than 
nationality, will he heartily welcome to all prospective 
immigrants to the Dollar-land. 

The insertion of 233 problems variously distributed 
at the end of the different chapters w ill be highly useful 
to students of applied genetics. The value of the book 
is all the more enhanced by an appendix defining and 
illustrating some statistical concepts most commonly 
used in this branch of biology. The get-up, printing, 
and diagrams are in keeping with the tradition of the 
publishers. 

R . 1), 


Library and Preservation— By M. N. Basu. To 
be had of The Book Company Ltd., Calcutta, 
Ifl48. Pp.1-44, Price Rs2/-. 

This is a pamphlet written by an experienced 
hand dealing with methods of organization and preser- 
vation of books, manuscripts, etc. Greater stress is 
laid on the latter and thus the pamphlet — specially deal- 
ing with the new indigenous devices prepared by the 
author — is an indispensable one for all libraries through* 
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out India. The subject of preservation of book on 
scientific basis has not so far attracted the attention 
of all concerned and it is to l>o hoped that the diploma 
course in librarianship in the Indian Universities 
should cover this aspect of library organization as an 
independent course of study. 

A. K. a. 

Lighting Design — By Parry Moon and Dontina 

Eborle Spencer. Approx. 500 pp. 100 illustrations, 
• . O'XOi stiff cloth binding. Addison- Wesley Press 

Inc. Kendall Square, Cambridge 42, Mass., U.S.A. 

% 5.00 

The foundations for lighting calculations were 
first laid by Lambert in his classic treatise, “Photome- 
tria Sive de mensura et grandibus luminis, colorum et 
umbra?*', 1700. Unfortunately he failed to realise 
any relationship between this radiant energy and the 
law of physics. This book very (dearly shows the 
modern conception of light in the form of electromag- 
netic radiation, a fact which is even today shrouded 
by the traditional over emphasis given to candle power 
and its ancillory physical terminology. That the 
physics of radiant energy should be the logical starting 
point for any study of lighting design, has been fully 
recognised and developed in this text. For this reason 
alone, it stands as an outstanding work in the field 
of illumination engineering and a guide to the lighting 
principles of the future. 

Th rt b')ok com prises of eleven chapters, and four 
appendices, together with exhaustive bibliographies 
and tables with each chapter. In accordance with 
modern electrical engineering practice, the meter- 
kilogram -second system has been employed through- 
out, instead of the lumen. No difficulty however is 
felt due to this change as a comparison of the various 
concepts and units is fully dealt with in Appendix B. 
The first two chapters deal with the sources of illumi- 
nation and the physical fundamentals of radiation 
necessary for evaluating the photometric quantities. 
Interesting accounts of the various types of lamps 
and luminaries are given with their historical back- 
ground such as the development of sodium-vapor 
and high-pressure mercury lamps in Holland, the 
cold cathode lamp etc. The source of illumination 
is split up into three categories, viz, incandescent, 
electric discharge, (sodium neon and mercury vapor) 
and fluorescent lamps, and their characteristics brought 
out. In addition to the source of illumination, the 
reflecting surfaces and transmitting media play an 
important part in the design of lighting of rooms. This 
phase is dealt with in Chapter 3, where the concepts 
of spectral and total reflectance, and total transmittance 
are discussed and ideas, of perfectly specular and 
perfectly diffusing surfaces are introduced. 

That energy can l>c transmitted by electromag- 
netic waves is familiar to many, the most common 
example being the heating effect of sunlight. When 
this radiation strikes a surface, some of the energy 
is transformed into thermal form, and causes a rise 


in temperature. The temperature rise is thus a measure 
of radiant power per unit area of the surface and is 
termed radiant pharosage, employing a unit of watts 
per square meter. The methods of calculating pharo- 
sage are discussed in Chapters 4 to 6. Included in 
them is a digress on another important topic, 
viz. helios, the helios at a given point and in a given 
direction being defined as a quantity equal to it times 
the incident pharosage at that particular point, per 
unit solid angle. The unit of this concept is blonde!, 
named after Andre Blonde! who carried out some 
pioneering work in photometries. 

The methods of determining pharosage are extended 
in Chapter 7 to include the actual practical cases where 
depreciation occurs due to (?) internal blackening of 
the lamp, ( it ) effect of dust collection on lamps and 
(Hi) effect of chemical change in colour of walls or 
change due to collection of dirt or dust. The impor- 
tance of psychological factors in lighting and illumina- 
tion is revealed in Chapter 8, wherein a detailed dis- 
cussion on the geometry of uniform and non-uniform 
visual fields is given, together with their relationship 
with various photometric units. The engineering 
principles underlying human vision are interestingly 
described and it is shown that the eye is capable of 
adapting to a very wide range of helios values from 
I ,(MK), (MX) to 1, i.e. from white surfaces in direct sunlight 
to threshold values, mainly as a result of the photo- 
chemical process in the retina. 

A correctly lighted room must satisfy a number 
of requirements if it is to allow best possible vision 
with a minimum of fatigue. The illumination engineer 
therefore requires a set of definite criteria against 
which he can check his design. A set of such conditions 
were first proposed in 1936 by the senior author (Parry 
Moon, ‘‘Scientific Basis of Illuminating Engineering,’* 
McGraw-Hill, N V. 1936), and enumerated again 
in an improved form in this text in ( Chapter 9. These 
factors are: pharosage, helios distribution, specular 
reflection, shadows, spectral distribution, psychologi- 
cal effect, aesthetic effect and economics. These factors 
cover the entire known range* for good design and when 
correlated together as in the Chapter 10, result in a 
highly scientific method of lighting rooms. The question 
of colour is taken up in the last chapter. By means 
of exacting scientific discussion colour is specified under 
two systems viz. (i) trichromatic weighing functions,, 
first internationally standardized in 1931, by Commis- 
sion Internationale de L’Eelairage, and now known 
as the CM. E. system, and (ii) Munsell system, originated 
by a Boston artist A.H. Munsell. In both these systems 
a colour is represented by a point in a three-space con- 
figuration and specified by the radiation it emits. Use- 
ful practical suggestions for their adoption arc 
given. 

The value of the whole work could have been 
further enhanced by incorporating a chapter or two 
containing the principles of polarized lighting of high- 
ways and their effects on traffic, as illuminating engi- 
neers are often called upon to design and layout road 
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lights. Several terms not normally met with ill the 
literature on the subject have been used in the text. 
Though their definitions are given in their respective 
chapters and the various symbols used, collected and 
given* in Appendix A, the reviewer feels that a glossary 
of terms should have been included in an additional 
appendix, thereby forming a Very quick and easy 
source of reference to the point involved. 

In spite of these small drawbacks, this publication 
with its clear expressions, copious tables and references, 
and the presentation of a new and logical method of 
lighting design to provide the best possible vision with 
a minimum of eyestrain, forms a worthy addition to 
the literature on illumination engineering. Presented 
in the form of mimeographed notes which have been 
used for several years in the Mass. Inst, of Techn. and 
Brown University, this book can be profitably read by 
anyone having a grounding in physics, engineering 
and elementary calculus. 

S. K. a. 

Vernalization and Photoperiodism — A Sym- 
posium — By A. E. Murneek and K. 0. Whyte 
at al.Lotsya, (vol. 1) a Biological Miscellany, edited 
by F. Verdoorn, Sup. Oct, ea. 220 p., illustrated. 
Published by the Chronica Botaniea Co., Waltham 
Mass, U.S.A.; Macmillan & Co. Ltd., Calcutta, 
Bombay, Madras, 1948. Price $ 4.f>0. 

The above symposium is a timely publication and 
deals with various aspects of Vernalizat ion and Photo- 
periodism, as have emerged from recent contribution 
in this expanding field of Plant Physiological re search. 
The original conception of vernalization which was 
based on the experience of freezing effect in winter cereals 
in producing a stage leading to flowering wasknown long 
ago and the idea was included in Gassners ‘‘bluhreife” 
stage in plants. But the far reaching practical results 
claimed to have been obtained in U.N.S.H. by Lysenko 
and his co-workers and the growth of the idea of Phasic 
development given out by this group of Russian investi- 
gators, have attracted attention of various workers in 
different parts of the world, with the result that the 
original idea has undergone 4 a marked modification. 
Not only the practical aspects have been stressed, 
but attempts have been made to fit in the results to 
develop a theory of New Genetics apart from the well 
established one, and inspired the idea of dialectic materi- 
alism raising a world wide controversy. The symposium 
is free from this controversy, and also contains no con- 
tribution from workers in U.S.N.K. where this aspect of 
study has found the most favoured recognition. 
The failure of many workers to obtain uniform results 
on pre-sowing temperature effect in different parts of 
the world, has led to the study of post-sowing envi- 
ronmental factors, especially the light factor and photo- 
periods. So later investigations have brought two 
quite independently developed lines of researches, 
viz ., Thermal effect (vernalization) and Photoperiodism 
together to explain the initiation of reproductive stage 
in plants. 


The symposium under review contains valuable 
articles on the development of this synthesis and many 
salient points have been brought into prominence. 
Though the whole aspect of this problem of invest!-' 
gation into the intricate process — possibly physio- 
biochemical in nature leading to flowering in plants, 
is still in a very fluid anrl elementary stage and no 
connected stop by step development of our knowledge 
is yet possible, nor obtainable, yet the different contri- 
butions from different workers in their own lines of 
investigations, have brought within ft single volume 
the various aspects of ouf problem. The 'symposium 
deals with historical sketches on vernalization and 
photoperiodism and is followed by 10 chapters oh Vari- 
ous aspects tvz., role of bormohefc; effect of w ave lengths 
of light; nutritional ahd histological changes; photo- 
periodism in past flora ; investigations on tropical 
crops', and thermoperiodicity. Many of these 1 articles 
contain results of well-known previous publications 
and are in the nature of a descriptive analysis from which 
much valuable information on the different aspects 
can he gathered. The importance of thermoperiodicity 
in such investigations has been brought into prominence 
and this factor must be taken into consideration for 
arriving at any conclusion. An important supple- 
ment has been added to the symposium from some of 
the German workers. This school has tried to tackle 
the problem from the point of view of the inherent 
rhythmic changes taking place inside the cell. Snell 
contributions arc really welcome from that great country 
and especially after the last World War. The endogenic 
rhythm i city is a well-known characteristic of a living 
cell as shown by growth-movements and the scheme 
presented by Bunniiig that the working of photoperio- 
die stimulus (alteration of light period with dark period) 
is dependent and is directly correlated w r ith the state 
of endogenic rythmic changes taking place at the time 
of reaction, is no doubt a novel attempt to seek an ex- 
planation in another direction, not yet taken into consi- 
deration. The differential behaviour of short and long 
day plants has been traced back to the same basis 
and some of the anomalous behaviour of these two types 
of plants have been explained. Further study on Tropi- 
cal Crops and the chemical changes preceding, accom- 
panying or following during the rhythmic stimulation 
would furnish more material. Another chapter has 
been added on the Genetics of Photoperiodism where 
an attempt has been made to give genetical basis on 
the behaviours of winter and summer annuals and 
between the long and short day plants on one side 
with that of neutral day plants on the other side. 

The symposium is a valuable contribution in the 
field of developmental physiology, and gives under 
well defined headings an up-to-date accumulation of data 
on advancements made in our present knowledge, and 
fields for further research. The Lotsya publishers are 
to be congratulated for this volume with nice get 
up and interesting reading. It will be indispensable 
for workers in the field and for advanced students, 

JB, K. K< 
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Engineering Metallurgy— by W. E. Woodward, 

M.A. (Cantab). Constable & Co., Ltd., 10 Orange 

Street, London W. C. 2., Demy 8vo. pp. x (-170, 

1948. Price 15 sh net. 

To survey a subject like engineering metallurgy in 
just I GO pages is a very difficult task and one which 
evidently leaves much to be desired. In thi« slim 
volume, the author has tried to include a variety of 
topics on engineering metallurgy, with the pan of the 
balance tilting more on metallurgy than on engineering. 
'J4ie subjects covered include the manufacture of iron, 
steel, non-ferrous metals and tlieiralloys, micro-structure, 
Constitution diagrams, heat treatment, and castings. 
In addition, there are topics oil welding bearing metals, 
mechanical testing and pyrometry. When it is known 
that the modern treatment of ferrous and non-ferrous 
metallurgy is individually treated in voluminous texts 
comprising of hundreds of pages, (R. J. Anderson's, 
“The Metallurgy of Aluminium and Aluminium Alloys” 
913 pp. A. C. Baird & Co. Lie. U.S.A.; H. M. Boylston's 
“.Introduction to the Metallurgy of Tron & Steel,*’ 
593 pp. Wiley), it can be realised that the book under 
review' is grossly inadequate to do full justice to the 
subject chosen by the author. However, as stated in 
the preface, the aim of this work is to introduce the. 
“trade names” of the various metallic alloys to the 
engineers and to familiarise the profession thereby. 
The book however fulfils more than this, for it gives to 
an engineering student the basic elements of metallurgy 
and vividly brings to light the underlying principles 
inherent in the fabrication processes of welding and 
flame cutting. 

The arrangement of the chapters appear illogical, 
as, the trend of continuous thought is nowhere main- 
tained but broken up by introducing subjects at odd 
places. Thus welding is treated in chapter 13 and 
pyrometry left over in the last chapter. A reorienta- 
tion would have been more desirable. Similarly 
“Die Ousting” should have come immediately after 
iron and steel eastings or at least immediately after the 
chapter on aluminiidn and magnesium alloys. A 
glossary of technical terms, neat diagrams and good 
microstructure photographs of typical ferrous and non- 
ferrous structure form the highlights of this text. 
The absence of a bibliography however detracts its 
worth. The gulf between engineering and metallurgy 
could have been more effectivlcy bridged by omitting 
some and enlarging other chapters to produce a work 
somewhat akin to A. 0. Vivian’s “Essential Metal- 
lurgy for Engineers”, (Pitman), or R. Fox's, “Ferrous 
Materials for the Engineer” (Griffin). As an elementary 
guide for engineering students preparing for metallurgy 
it will be of good help, though it is doubtful as to what 
extent it will serve the practising or designing engineer, 
as claimed in the book. A metallurgist, however, 
will find this work of little use in picking up the shreds 
of engineering and acquainting himself with that subject. 

6b K . G. 


The Wealth of India — A Dictionary of Indian 
Raw Materials and Industrial Products . (1) Raw 
Material s, Vol. I ( A-B ), Price Rs. 15/- Pp. xxvii 
+ 253 with 39 plates (32 monocolour and 7, multi- 
colour); printed on Art Paper, bound in rexine; size 
1 1"X8". (2 ) Industrial Products, Part I (A-B), Price 
Rs. 8/- Pp. xii -f 182 with 8 plates (monocolour), 
printed on map-litho paper, bound in cloth; size 1 1" 
X8£". Published by the Council of Scientific 
and Industrial Research, Department of Scien- 
tific Research, Government of India, with a fore- 
word by Hon’ble Pandit Jawaharlal Nehru. 

More than 50 years have elapsed since Watt com- 
pleted his monumental work on the Economic Product# 
of India ; (1889-99) in six volumes . The Commercial 
Products of India , which is a brief summary of Watt’s 
bigger work, appeared in 1908. The period since the 
publication of Watt’s works has been one of rapid chan- 
ges, and a volume of scientific data has accumulated 
but scattered in various publications not easily acces- 
sible to the common man. 

World Wars I and LI has given an impetus to India’s 
indigenous industries and correct estimation of na- 
tural resources and industrial potentialities are a neces- 
sary requirement for India today. 

A planned presentation of all available data, scien- 
tific and economic, was thus considered overdue and 
hence the Council of Scientific and Industrial Research 
in 1942 undertook the task of revising Watt's work 
and compiling a new critical compendium of data rela- 
ting to the present and potential wealth of the country. 
The book under review thus seeks to bring Watt 
up-to-date, incorporating fresh data that has since 
been discovered. There is also an attempt to remove 
the outstanding defect in Watt’s by a critical analy- 
sis of the data presented in the volume. Otherwise 
it has hardlv replaced most of the facts outlined bv 
Watt. 

Volume I of Raw' Materials contains about 240 
articles, 91 per cent of these deal with botanical, fi 
per cent mineral and 3 per cent animal products. Sta- 
tistical information are given in tables wherever pos- 
sible, 

A striking omission in this volume is a note oh 
Agar tens wdiicli includes the common edible mushrooms. 

Part 1 of Industrial Products contains about 40 
articles and these will be very useful to the industria- 
lists. In the book sent to us for review 7 pages 97-104 
are missing. 

Some of the sketches fail to serve their purpose 
a.g,, the plate of Acalypha indica is not impressive*. 

There are also mistakes in nomenclature' e.g., 
Acacia suudra in p. 20 should be A. chuudra. 

By the w r ay, in spite of long errata lists, there are 
mistakes e.g., on page 178, column 2, floivurs should 
read flowers, 
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It is planned to complete the Dictionary in G volu- 
mes covering 4,000 topics, the first volume of which 
has been published after 7 years of labour containing 
only 280 topics. Calculated at this rate, we are afraid, 
the, remaining five volumes are not likely to be published 
in the near future. This is indeed distressing when it 
is noted that it took Watt 15 years to publish his 6 
volumes, each containing on an average 000 pages and 
working almost single-handed. 

A long list of the staff engaged in compiling the 
Dictionary cited in p. viii of Vol. T, points to the obvious 
fact that? this unusual delay in compiling the w ork 
is due to a continually changing personnel which 
lias also resulted in a lack of uniformity of presentation 
of the subjects dealt with. 

It is curious to find that although 90 per cent of 
the contents would deal with plants only, the office of 
the Dictionary was not centred at the Botanical Survey 
of India's offices at the Indian Museum, Calcutta, 
where Watt compiled his work and where perhaps 
greater facilities for expeditious work wore available. 
A system of ‘ledger’ opened anew at Delhi, was already 
in existence at Calcutta though ‘dead’ (Hoc Science 
and Culture, //, 100, 1045), and revival of these would 
have saved considerable time and money. 

The book is likely to bo useful to the industrialists, 
the economist, the administrators and the lay public. 

A. K. G. 

J . A". S. 


Suggestions for Science Teachers in Devas* 
tated Countries — By J. P. Stephenson. Pub- 
lished by the United Nations Educational, 
Scientific and Cultural Organization, Unesco House, 
10 Avenue Klaber, Paris 16, 1048. 

Publication of an illustrated booklet, as an aid 
for science teachers in war- torn areas by the Unesco 
shows how teachers lacking elementary scientific 
equipment can make apparatus from simple, every- 
day materials. The booklet is distributed free by 
Unesco to schools in Greece, Poland, Czechoslovakia, 
Austria, Hungary, rtaly, China and the Philippines. 

The author is a science master at City of London 
School and member of the Royal Society Committee 
for Co-operation with Unesco. He first explains how 
science teaching can be commenced without the use 


of apparatus and then shows how equipment for ex- 
periments in astronomy, meteorology, measurement, 
heat, light, magnetism, electricity, chemistry and bio- 
logy can be improvised from materials such as wood, 
glass-tube, wire, nails, bottles and other household 
articles. 

The booklet also touches on the use of visual aids 
in science teaching and includes a description of recent 
laboratory materials, such as plastics and alloys, as 
well as a section on laboratory receipts, charts and 
logarithm tables. Suggestions arc made clear by well- 
drawn diagrams. 

“These improvisations should not be thought of 
as makeshifts,” the author says in a foreword. “They, 
and the exercise of constructing them, are in the best 
tradition of science and science teaching. All the 
great scientists have used such apparatus and many 
have made their greatest discoveries in this way.” 

Unesco hopes that teachers in devastated coun- 
tries will find the book helpful, not only for the con 
cretc suggestions it offers, but also for the stimulus 
it gives for further improvisation in elementary science. 
It is possible, too, that teachers in more fortunate coun- 
tries may derive useful ideas for extending the scope 
of their classes at little cost. 

Extracts from the booklet in English or in trans- 
lation may be reproduced with proper acknowledge- 
ments to Unesco. 

a. a. 

Working with Plastics— By Arthur Dunham, 

JM.Ed., McGraw-Hill Book Company, Inc., New 

York. Pp. 225, $3.50. 

This book deals with the subject of plastics for 
the technical students. It is divided into eight chap- 
ters, the first one describing general information con- 
cerning plastics and others deal mainly with the work- 
shop operations with different types of plastics, e.g., 
phenolic plastics, acrylic plastics etc. The suggestions 
are practical throughout; the methods are based on 
practical experience of the author. The book is amply 
illustrated showing how various useful and dainty 
articles can be made) with plasties and the tools and 
equipment needed for working with it. The book has a 
helpful glossary for non-technical men who will like t-o 
master plastic-craft. This can highly be recommended 
as a practical hand book on plastics as a craft 
material. 

It. ( 7 . 
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LETTERS TO THE EDITOR 

[The Editors are not responsible for the views expressed in the letters.] 


CORRECT NAME OF PLECTHANTH US 
IN CAN US LINE 

Two names, i.e., Plectra nth us incanus and Flee - 
tranthus cordifoliux, have been widely used in litera- 
ture to designate a species of Indian Labitae. r J his 
plant is widely distributed on the sub-continent oi 
India, and has been collected from the Western Hima- 
layas to South India, and from Bombay to Assam. 
The late Sir Joseph Banks, who was greatly interested 
in the introduction of horticultural and other econo- 
mic plants in England, obtained seeds of this plant 
about the year 1781 from Koenig from South India. 
Later, this plant was also raised in Kew' and the plant 
was described by Aiton in 1789 under the name Ucy- 
mum molle. Subsequently, this plant drew the atten- 
tion of a number of botanists who gave several other 
new names. According to the rules of nomenclature, 
Aiton ’s name being the earliest, should be the basis 
of a new T combination under Plectranthus . The correct 
and legitimate name should therefore be Plectranthus 
mollis , and all other names should be considered as 
synonyms. It is desirable that in future this name 
should be used in the Indian Herbaria material. The 
synonymy is as follows: 

Plectranthus mollis (Aiton) Sprenyel , Syst. Veg.2, 
690 (1825) 

Ocymum molle Aiton, Hort. Kew, 2, 322 (1789) 

Ocymum mayporense Both, Nov. PL Sp. 271 (1821) 

Plectranthus incanus Link, Enuin. Pl. Hort. Berol 
2, 120 (1822); Hook, f., FI. Br. Ind. 4,621 (1885); 
Prain, Beng. PL 840 (1903); 

Plectranthus divaricatus Wcinm. in Syll. PL Nov. 
Ratisb. 7, 68 (1824) 

Plectranthus cordifolins J). Don, Prod. FI. Ncp. 
116 (1825); Wall. PL As. Rar. 2, 16 (1831); Benth. 
in DC. Prod. 72, 66 (1848). 

Plectranthus maypurensis Sprengel, Syst. Vcg. 
2, 691 (1825) 

Plectranthus secundus Roxb, FI. Ind. <3, 20 (1832) 

A good description of this plant is available in the 
recent monograph on Indian LabialaeK Unfortunately 
in this work, the author has adopted the more popular 
name of Plectranthus incanus , and as such, the present 
note is justifiable. In the same place (l.c.) the name 
Ocimum mayporense Roth, has been stated to occur 


in Rheode’s Hortus Malabaricus 10, tab. 84 (1690). 
Surely, this is an error, as Rheede published the above 
plate under the name Perimdofassi. 

Royal Botanic Gardens, Kev\ 1). Chatterjee 

18-9-1948 

1 Per. Bot . Snrt\ Ind . 14 , No. 1 , 47, IS40. 


NOTE ON HIGH VOLTAGE OSCILLATION 
* CHARACTERISTICS OF HARTLEY CIRCUIT 

It has been shown elsewhere 1 that there is a gene- 
ral agreement between the oscillation characteristics 
of the Hartley Oscillate r drawn by two methods, i.e 
directly and from the static curves of the valve. It 
was noted that there appears to be slight depart ure 
when high voltage is used. The point is further 
pursued in the present communication using the still 
higher voltage i.e., T o --140 Volts. 



The full curve represents the oscillation charac- 
teristics of the Hartley circuit drawn by direct method 
and the dotted curve shows the same as calculated 
from the static curves of the valve. In this case also 
the general agreement of shape is preserved with the 
slight departure between the two curves. 
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As a point of difference, it is to be noted that the 
sharp maxima at the top of the oscillation characteris- 
tics for lower voltage is replaced by the more fiat top 
in the* present case. 

V. L. Talekar 

Department of Physics, 

Dungar College, 

Bikaner, 26-10-1948. 

* Talekar, V.L. Curr . Set. 16 . 308, 1947. 


EFFICIENCY OF USED DIESEL ENGINES 

According to standard specifications, new Diesel 
Oil Engines have the best efficiency at a load ranging 
generally between 75 to 100 per cent of rated full 
load. A brake thermal efficiency of 30 per cent is 
considered an average figure. An examination was 
conducted into performance of used Diesels, and some 
interesting observations were noted. The engine 
under review yielded a maximum brake thermal effi- ^ 
cicncy of about 28 per cent. This test was not sufficiently 
indicative, as will be seen presently. Efficiency at 
different loads was also dekr mined. It was found 
in this case, that the best efficiency is found at a 
limit of 44 to 62.5 per cent of the rated full load. Be- 
yond 62.5 per cent, the efficiency falls, and presently 
the engine begins to smoke. That is, the engine be- 
haves as an overload beyond 62.5 instead of full rated 
load. This difference of 37.5 per cent represents the 
power loss of the engine, and is a measure of its depre- 
ciation. This test figure is a substantial description 
of the used engine. Comparing this figure with brake 
thermal efficiency, this loss in output seems to be an 
easy guide in estimating depreciation or quality of 
maintenance. The actual experiments are described 
below: 

Engine Description: — B.H.P. — 115, Cycle— 4 
stroke, Cylinders- — 3, B.P.M. — 500; Cold- 
starting and self-lubricating. Directly coupled 
to alternator. 

Service history -.—about 13 years at 18 hours daily 
under smooth load conditions. No major 
repairs or replacements effected in its life. 

Tests Observations were taken under actual 
service conditions. Oil consumption was 
noted against loads. Duration of each trial 
— minimum two hours but generally 6 hours. 
Load fluctuations ± 7 B.H.P. Limiting loads 
were specially checked over short runs. 
Selected readings, out of 1000 hours run 
recorded. There were no change of fuel 
or lubricant, no repairs other than routine 
ones, and no replacements, during * trial. 

Results: — Max. efficiency (brake) at 44 to 62.5 
per cent of rated full load. 


The above test data arc not to be treated as~of 
an ideal engine. 

The same experiments were simultaneously con- 
ducted on a second Diesel Oil Engine having same 
specifications and age, and similar service and atten- 
dance. Results obtained in this case is a maximum 
efficiency of a little over 28 per cent at 45 to 65 per cent 
of rated full load (new). The figures in both the eases 
are, as it should be, more or less same. 

A practical import of the findings seenVs that for 
oil economy, the depreciated load capacity rather 
than rated full load should be the limit. {Secondly, 
it seems to the author that mapping of a standard of 
the above load or power loss of each engine would 
provide a very easy means to check quality of main- 
tenance of an engine, and for comparing service be- 
haviour of different engines, in this line, working 
of a third engine was enquired into, and briefly observed. 
In this ease only 12 years service accounted for the 
loss of 50 per cent in output. This is supported by more 
rigorous service of and poorer attention on this 
engine. 

My thanks are due to Messrs. M. K. Ghosh for 
all facilities offered for experiments in their power 
house. 

Prakulla Chandra Ghosh 

78A Manoharpukar Road, 

Calcutta, 26-1 1-1948. 


FODDER VALUE OF SETAIUA 
PA LM A E FOLIA STAFF 

Maria palntarfoiia Stapf. grows abundantly in 
Assam and is reported to be greatly relished by the 
cattle. Observations on this grass undertaken by 
tins Division since last season are presented here. 

Seeds (half pound) of this grass were obtained from 
the Superintendent, Lagden Memorial Farm, Halern, 
Assam, and sown on August 13, 1947 after due pre- 
paration of the soil in a 0.25 acre-plot in the sewage 
area of the Division and irrigated on August 17, 1947. 
The germination was very good. The crop was fur- 
ther irrigated on September 27, 1947 and again on 
October 25, 1947. The growth was luxuriant, parti- 
cularly so under shade, and the whole area was covered. 
The grass showed a comparatively longer vegetative 
period than other grasses under observation and flower- 
ed in the first week of December. The grass, how- 
ever, was found to bo susceptible to frost. A slight 
frost in the middle of December 1947, affected the top 
growth; the bottom shoots, however, escaped. Al- 
though the plant was found to set abundant quantity 
of seed, owing to frost only 2 lbs. of seeds could be 
secured. The plants remained dormant during January 
and February and the spring growth was observed in 
the first week of March. 
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As the crop was damaged by frost, observations 
on yield of green fodder could not be taken. Subse- 
quent cutting in February, in rather semi-green con- 
dition, (the bottom shoots still remained green and 
were protected by the top growth) gave an out-turn 
of approximately 175 maunds per acre. The grass 
was very greedily consumed by the work animals, 
showing that it was highly palatable even at this late 
stage. 

Chemical analysis in pre-flowering and flowering 
stages was ‘harried out in the Chemistry Division of 
the Institute by M.A. Idnani and It. K. Chhiber. 
The results of these analyses along with the chemical 
composition of some of the important, exotic and indi- 
genous grasses are given below for comparison. 


content in both stages, thus making it very palatable 
to the stock. 

Its leafy habit, capacity to tolerate shade, • high 
production of viable seeds, high yielding capacity, 
its high protein content at both stages and the ratio 
of crude protein to carbohydrate, — all indicate that 
the grass is very suitable as a pasture or hay grass. 
Its only drawback is its susceptibility to frost. Its 
capacity to tolerate shade is also a desirable character 
and can be utilized in the improvement of natural 
grasslands by rc-seeding them. Further investiga- 
tions are in progress. 

We are indebted to Dr. J. N. Mukherjee, Direc- 
tor, Indian Agricultural Research Institute, for his 


Table showing the chemical composition of Sctaria pnlmaejolia and some other 

IMPORTANT INDIGENOUS AND EXOTIC GRASSES 


Ratio of 


Name of the grass 

Stage of 
analysis 

Crude 

protein 

Crude 

fibre 

Ether 

Extract 

Nitrogen 

free 

extract 

Sol. 

ash 

Sand Sc 
silica 

protein 
to carbo- 
hydrate 

Selnrin 
palmae folia 

pre-llowering 

1C. (It 

26.91 

4.33 

38.53 

8.57 

5.03 

ia 

-do- 

flowering 

prime 

pre-flowering 

10.07 

30.98 

2.13 

42.10 

7.31 

7.44 

1**4 

* Pennimtum 
cenchroides 

6.24 

34.43 

1.47 

44.55 

6.45 

6.86 

hi 

*Cynodon dactyion 

10.04 

31.89 

1.82 

44.00 

6.69 

6.96 

1:4 

* -do- 

ripe (flowered) 

4.90 

39.74 

1.50 

46.07 

2.27 

5.52 

1:9 

*Penni8p,lvm 

purpurmm 

(Napier) 

Not 

mentioned. 

6.16 

28.07 

2.26 

47.47 

10.16 

5.88 

*1:8 

*Panicum maxi- 
mum (Guinea) 

-do- 

6.22 

36.38 

1.55 

44.70 



1:9 

♦Perennial Rye 
grass ( Lolhmt 
perene) 

— do— 

11.28 

26.19 

4.89 

49.62 

9.02 


* 

1:4 

1 Timothy (Phlenm 
prateme) 

pre-flowering 

10.33 

30.17 

* 2.89 

49.69 

7.72 

, 

1:6 

1 ~do- 

flowering 

8.41 

32.40 

2.80 

60.16 

6.23 

— 

1*6 

1 Poa prate nau 
( Blue grass) 
(Kentucky) 

pre -flowering 

22.58 

21.37 

r> . 24 

39.52 

11.29 


1:2 

-do- 

flowering 

13.46 

29.95 

3.57 

42.86 

10.16 


1:3 


* Ref. K. C. Sen 1946: l.C.A.R. Misc. Bull. No. 26, pp. 10. 

f Morrison, F.B.: Feeds pud Feeding, pp. 966 and 972 (reduced on moisture -free basis). 


The grass is unusually rich in protein content in 
both pro-flowering and flowering stages and surpasses 
all the known indigenous grasses and compares very 
favourably in this regard with such important grasses 
as perennial rye grass, timothy and bluestem kentu- 
cky of the West. The ratio of crude protein to carbo- 
hydrate in the pre-flowering stage is roughly ) .2, which 
is considered to be excellent for feeding dairy animals. 
The mineral content is also fairly high. Another in- 
teresting point is that the grass shows much less fibre 
6 


valuable suggestions during the conduct of this in* 
vestigation. 

T. J. Mirchandani 
P. M. Dabadghao 

Division of Agronomy, 

Indian Agricultural Research Institute, 

New Delhi, 9-12-1948. 
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ON THE CONSTRUCTION OF HADAMARD 
MATRICES 

An orthogonal matrix X with elements +1,-1 
affords a weighing design (chemical balance problem) 
of maximum efficiency 1 * > a . These orthogonal matrices 
are useful also in multifactorial experiments 8 . Whon 
X is a square matrix the value of the determinant of 
X is N* N . Hadamard 4 has proved that when the ele- 
ments of a square matrix are restricted to lie in 
the range (—1, -fl), the maximum value N* N of 
the determinant of X is achieved when the elements 
are either +1 or -I and the matrix is orthogonal. 
It is this property* that lends maximum efficiency to 
a weighing design with an orthogonal matrix. It is 
know'n that the necessary condition for the existence 
of a Hadamard matrix H K is 

N—0(inod 4). 

e 

with the exception of N=2. It is not known however 
whether the above condition is sufficient or not. Plackett 
and Burman 3 have constructed all Hadamard matrices 
of order ^ 1 00 except 92. 

Hadamard matrices are associated with symme- 
trical balanced incomplete block designs and afford 
solutions for designs 5 given by 

(1) b « v - 4A } 3, r « lc ^ 2A+1, 

as also for their complementary designs. If all the 
elements in the first row and column of a Hadamard 
matrix arc converted to + 1 changing when necessary the 
signs of all the elements in the corresponding column 
aqd row and if the first row be subtracted from all the 
remaining rows, the distribution of 0 as also that of 
-2 in the resultant scheme without the first row and 
the first column, affords the arrangements for balanced 
incomplete block designs. The distribution of —2 
gives the complementary design to that given by the 
distribution of 0. Similarly given an arrangement 
of the balanced incomplete block design of the above 
type, +1 may be put for the occurrence of a variety 
and —1 for the non-occurrence; the arrangement so 
formed may then be bordered in the first row and 
first column with plus ones and the resultant scheme 
will be a Hadamard matrix. 

Bose's method 6 for the construction of symmetri- 
cal balanced incomplete block designs could be used 
for the construction of Hadamard matrices of a certain 
class. There is however a close connection between 
the method outlined by Plackett and Burman 3 for the 
construction of Hadamard matrices and the method 
used by Bose 6 in the construction of symmetrical de- 
signs. 

I , Method of Plackett and Burman : In the cons- 

truction of Hadamard matrices, Plackett and Burman 

have defined Legendre function (a) such that 


X(0) - 0 

X(a) =3 +1, when a is a quadratic .residue in 
GF (jp n ) 

X(a) =2 —I, when a is a non-quadratic residue 
in GF (p n ) 

They have made use of the fact that the numbers 
of quadratic residues and non-quadratic residues 
in GF (p n ) are equal (p>2) and have subsequently 
proved some theorems leading to the construction of 
Hadamard matrices. The working principle is repro- 
duced below : 

(i) Consider the matrix A = (aij) , ... p) 

of order (j>+l), where P— 4t— 1 

«io = a 0 j = +1» 

Q lj ^ (j i ) (i=7^=0 , J ^0 , i —j ) 

Then the matrix A is orthogonal. 

(ii) To construct A of order p u + 1 = it, the 
rows and columns (except the first) are associated with 
the elements of GF (p n ) and the method is the same 
as above. 

[ A Al 

A— AJ * h als0 

orthogonal and has double the order of A. 

(«'»>) If p" — 4< + 1 and (p" + 1) is not divisible 
by 4, an A of order 2(p" + 1 ) can also be obtained. 

Consider the matrix B — (&ij)( i,j — 0, 1, 2, ... p u ) 
of order (p" + 1). [p” = 4< + 1]. 

bio — 6.| = + 1 

6ij = (uj — «i), (* t 0), 

where w, is the element of GF (p°) associated with (lie 
(» -j- 1 )th row and column of B, i ~ l, 2, ... p”. 

= 0 


Then B is orthogonal. Now replace 


-f 1 by the matrix C 




The resulting matrix is also orthogonal and is of the 
type required. 

It will be noticed that the methods under (t) and 
(ii) are identical, while matrices under (Hi) are obtain- 
able by doubling the matrices given by («) and (ii). 
Method (iv) is different. 

2. Bose’s method of constructing symmetrical Balan- 
ced Incomplete Block design : Bose has shown that a 
solution for the design (1) is always possible when 
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4A + 3 is prime or a power of a prime. The initial 
block consists of the elements. 

(X°, X 2 , X\ X« x ) 

and the remaining blocks are obtained by adding to 
it all the non-zero elements of GF (p n ). 

It has been mentioned before that in developing 
the arrangement of a balanced incomplete block design 
to a Hadamard matrix, +1 is associated with the 
occurrence of a variety and —1 with the non-occur- 
fence. Therefore +1 will take the place of the varie- 
ties corresponding to the above elements in the initial 
block. The above elements are all ^quadratic residues 

and therefore X(x°), x(x 2 ) \(x AX ) will all be 4 I • 

The initial block in Bose’s method will therefore be 
the same as that row of (a { f), which corresponds to the 
O-elernent of GF(p n ). Bose’s method is therefore 
identical with the approach made by Plackett and 
Burrnan in respect of methods (i) and (it) 

Hadamard matrices of order 2 X+1 described by 
Plackett and Burrnan as geometrical designs because 1 
of their connection with finite geometries, can be 
obtained from Bose’s N dimensional geometrical designs 
(P n n_1 ), for which S ~2. The parameters will take the 
following values : — 

b - v « 2 N+1 — 1, r — K - 2* - 1, A ** 2 s 1 

3. Method (IV) of Plackett and Burrnan : 
Bose has given the general solution for ?;~4 X +3— p". 
The mothod(JF) of Plackett and Burrnan can be utilised 
for finding the general solution of symmetrical designs 
for t>~4A.-f3 — 2p n +i. 

The orthogonal matrix B of order p“+l, (p u — 4 f+1 ) 
is particularly useful in weighing designs. 

Putting p u = 3 ? , an orthogonal matrix of order 
10 has been constructed and is shown below: 

i 0 I 1 I 1 1 1 1 I 1 

| 1 0 l-l 1-1 1-1 1-1 

! 1 1 0 1-1 1 1 —1 —1 — 1 

1 -I l 0-1 1-1-1 1 1 

( 2 ) l 1 -1 -1 0 1 -1 1 1 1 j 

i -i i i i o-i i -i -i ; 

i 1 1 —1 —1 ~1 0 1-1 1 

1 —1 —1 — 1 1 1 1 o-l 1 

1 1-1 1 1 -1 -1 -1 0 1 

1 — i — 1 1 - 1-1 1 1 1 0 

If 10 weighings are required to be made for 10 
objects to be weighed, (2) is perhaps the best design. 
The variance factors are equal to 1/9. If 10 weighings 
are required to be made for 8 objects to be weighed, 
either the above design may be used or 

(3) any row of H g may be added on twice to H 8 

or 

(4) two different rows of H 8 may be added to H». 

The variance factors in (3) are equal to 11/96 
and those in (4) are equal to Hence the de- 

sign given by (1) is superior to (3) but inferior to (4) f 


In general, when it is possible to construct an or- 
thogonal matrix of order N-f-2 following the method 
(IV) of Plackett and Burrnan, the efficiency of the de- 
sign so obtained may be compared with those of the 
designs obtained when either a row of H N is added on 
twice to H n or two different rows of H N are added to 
H v . The variance factors given by the design of type 
(2) are 

1 


The variance factors given by the designs of type 
(3) have been shown to be equal to 

N4 ~2p — 2 

(5) when p objects are required to be 

N(N4 2 p) 

weighed, N). 

There will be two sets of variance factors for the 
design under the type (4). It lias been shown that 
the maximum efficiency will be obtained when these 
two sets of variance factors are the same and are equal 
to 

N+p-2 

(7) f when p objects are required to be 

N(N4p) 
weighed (p< N) 

.*N 

Now (5)<(6), if p> — f l and (5)<(7), ifp>N+2 
2 

which is not true. 

Mood 2 has given a best design for N =■= p — 6, 
for which the variance factors are 1/5. The follow- 
ing orthogonal matrix of order 6 obtained by method 
(IV) of Plackett and Burrnan also gives 1/5 as the 
variance factors. 

i 0 1 l 1 L 1 

' 1 0 1-1 1-1 

: 1 10 1 - 1 -1 

1-1 1 0-1 l 

i 1 1 -1 -1 0 l 

1 -1 -1110 

Pusa, Bihar. K. S. Banerjee 

24-12-1948. 

1 Harold Hotelling. “Some improvements in weighing and 
other experimental techniques,” AnnaU of Math . Stat. 
IS, 207-306, 1044. 

• A. M. Mood, “On Hotelling’s weighing problem,” Annals 

of Math. StaL 17, 432-446, 1046. 

» R. L. Plackett & J. P. Burrnan, “The design of optimum 
multifftctorial experiments,” Biometrtka. 33, 305-325, 1946. 
« J, Hadamard, “Resolution d’Une question relative aux deter- 
xninants,” Bull. des. Sci. Math. (2), 17, part T, 65-82, 1893 

• R, C. Bose, “On the construction of balanced incomplete 

block designs,” Annals of Kugenics 9, 353-399, 1939 

• K. Kishen, “On the design of experiments for weighing,” 

Annals of Bt<U., 14, 294-301, 1945. 
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VARIETAL RESISTANCE AND SUSCEPTIBILITY 
OF .PHASEOLUS EADIATUS TOWARDS 
CER008P0RA 

Some varieties of PltaseoluSt viz., Phaseolus radiatus 
L, (Hali-mung), P. radiatus var. grandis Prain (Krishna- 
nrnng), and P. radiatus var. aurea Prain (Sona-mung) 
were sown in the Dacca University Botanical Garden 
in October, 1948, for class use. The seeds of the first 
two got intermixed and were sown together, while 
the third was sown separately. About a month later 
all the three varieties were found to be infected with 
a species of Cercospora , probably C\ cruenta Nacc. 
Of the three varieties, Phaseolus radiatus and P. ra- 
diatus var. grandis were the first to show the symp- 
toms of attack. Typical brown spots with a white 
centre were conspicuous. Within a few days after 
the appearance of the fungus, the virulence of the 
attack became evident by the amalgamation of the 
spots and ultimate browning of the leaves. Eventually 
the whole plot looked gutted as if it had been burnt 
(Fig. 1, right side). Leaves, flowers, young pods and 





1 




Fig. 1 Plots showing P. radiatus var aurrn (Left) and 
P m radiatus and P. radiatus var grandis (Right). 

even stems showed the scorched appearance. Very 
few pods matured and others shrivelled at a very young 
stage. Briefly, both the varieties completely suc- 
cumbed to the attack of the fungus and this was spe- 
cially marked in the case of P. radiatus . 

Tho third variety, P. radiatus var. aurea, also 
showed a few spots here and there on the leaves but 
these never became amalgamated and the plants main- 
tained their green appearance (Fig. 1, left side). Both 
the pods and stems remained free from attack and a 
fairly normal seed set was obtained. 



Fig. 2 Stomata from peels of leaf epidermis of P. radiatus 
(A). P. raduxtus var grandis <B). P, radiatus var 
aurea (C), all drawn under same magnification 


This marked difference in the incidence of the 
attack between P. radiatus and P. radiatus var. gran- 
dis on the one hand and P. radiatus var. aurea on the 
other — although all three were sown in adjoining plots 
and at the same time — prompted me to examine peels 
of the leaf epidermis (Fig.2). The results are as follows : 


P. radiatus 


No. of stomata on the 
upper surface per sq. mm 133 
No. of. stomata on the 
lower surface per sq. mm. 332 
Average size of 

stomatal pore m 16.1x5.3 


P, radiatus 

P. radiatus 

var. grandis 

var. aurea 

138 

no 


«* 

243 

221 

16.1x2.8 

13.6x2 


The data given above show that besides physio- 
logical causes, if any, the morphological differences 
amongst the three varieties with respect to stomatal 
frequency and pore-size, might be responsible for sus- 
ceptibility of the two varieties and resistance of the 
third. The fewer stomata in P. radiatus var. aurea 
and their smaller pore size seem to give it a greater 
protection against the fungus. 


Q. A. Ahmed 

Department of Botany, 

Dacca University, 

Dacca, E. Pakistan, 8-1-1949, 


STUDIES IN THE CATALYTIC PRODUCTION OF 
BUTADIENE FROM ETHANOL — I 

Attempt to prepare Butadiene by the catalytic 
conversion of Ethanol over mixed catalysts have met 
with considerable success, Lebedev 1 has patented 
a process for the same which has been a commercial 
success. The nature of the catalyst and their composi- 
tion, however, find no mention in chemical literature. 

Two catalysts have been studied in this labora- 
tory. The catalysts consist of magnesium oxide, 
silica and aluminium oxide in the ratios 75.1 5; 19.8; 
5.058 respectively. 

Preparation of Catalyst J 

The method of co-precipitation of the various me- 
tallic oarbonates by the addition of 20 percent potas- 
sium carbonate solution to the respective nitrate solu- 
tions in silica sol was resorted to. The precipitate was 
filtered on a Buchner, washed and dried for 4 to 6 hours 
at 100°C. The cake was powdered to 100 mesh and 
the powder activated at 350-375°C for 6 hourfe, Water 
was added to the powder thus obtained and the catal- 
lyst caked out on a Buchner. Small pellets of the size 
7 to an inch (approximately) were obtained from this 
and dried for 4 hours at 100°C. 

Preparation of Catalyst II 

The msde of preparation and the sizes of the cata- 
lyst were the same as in the case of Catalyst I but the 
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precipitant was ammonium carbonate as the removal 
of the excess ammonium carbonate and ammonium 
nitrate by washing is easier than that of the corres- 
ponding potassium salts. 

Ethanol vapours were passed over a preheater bed 
and then over the catalyst; the gases were immediately 
cooled to 0°C and the condensate collected. The un- 
condensed gases were then passed to the gas holder 
through a 50 percent solution of sodium hydroxide. 


TRIPLE SPLITTING OF IONOSPHERIC RAYS 

The triplet splitting observed by Newstcad 3 and 
Meek 2 is further proof of the validity of the theory 
of ionospheric reflection developed by Appleton. 8 
Though usually one ordinary and one extra-ordinary 
ray is observed, according to the theory, as has also 
been pointed out by me, 4 one more extra-ordinary 
reflection is possible from an ionospheric concentra- 


Tablk I 


Data for Catalyst I 

420-430°C 

Temperature 

430°-440°C 

440-450°C 

1. Alcohol feed stock (absolute alcohol distilled over calcium) 

60 . 0 cc 

50.0 cc 

50.0 cc 

2. Alcohol returned % 

40.2 

42.0 

49.6 

3. Alcohol converted % (by difference) 

59.8 

58.0 

50.4 

4. Kate of delivery of alcohol ; ccs./lhr/l gm. of the catalyst 

0.769 

0.769 

0.769 

5. Gas collected (at N T.l\) litres 

6. Composition of the gas (by vol.) 

9.385 

*10.03 

10.46 

Unsaturated hydrocarbons 

40.36 

49.08 

38.65 

Hydrogen 

42.90 

34.22 

46.40 

Carbon monoxide 

5.45 

1.84 

1.83 

Saturated hydrocarbons 

2.54 

5.74 

5.48 

7. Butadiene content of gas g/1. 

3, Yield of products expressed as % by wt, of absolute alcohol converted: 

0.564 

0.567 

0.451 

Hydrogen 

1.53 

1,38 

2.19 

Butadiene 

22.35 

' 24.78 

23.68 

9. Production of Butadiene on the basis of the theoretical yield . . 

38.07 

42-22 

40.33 


Tabus II 


Data for Catalyst II 

420~430°C 

Temperature 
440-4 50°Q 

465-475°C 

1. Alcohol feed stock (absolute alcohol distilled over calcium) 

50.0 oo 

50.0 cc 

50 . 0 cc 

2. Alcohol returned % 

48.57 

48.0 

37.14 

3. Alcohol converted % (by difference) . . ~ 

51.43 

52.0 

62.86 

4. Kate of delivory of alcohol ; ccs./lhr/l gm. of the catalyst 

0.769 

0.769 

0.769 

6. Gas collected (at N.T.F.) in litres 

10.64 

10.27 

14.71 

6. Composition of the gas (by vol) 

Unsaturated hydrocarbons 

43.63 

56.28 

58.53 

Hydrogen 

28.43 

34.22 

25.68 

Carbon monoxide 

6.37 

2.47 

1.46 

Saturated hydrocarbons 

1.47 

3.46 

7.80 

7. Butadiene of gas g/L of gas 

0.65 

0.670 

0.477 

8. Yield of products expressed as % by wt of absolute alcohol converted; 
Hydrogen 

1.31 

1.54 

1.37 

Butadiene . . . . . , 

34.4 

33.44 

34.34 

9. Production Butadiene on the basis of the theoretical yield 

58.6 

56.97 

58.51 


The results obtained are given in Tables 1 and II. 
Further details will be published elsewhere. 

Our thanks are due to Sir J. C. Ghosh and Prof. 
B. Sanjiva Rao for their keen interest in this work. 

R. Srinivasas 
G. D. Hazra 

Pure and Applied Chemistry Department, 

Indian Institute of Science, 

Pangalore, 20-1-1949. 

} Lebedev, British patent, SSI, 482 ♦Tune SO, 1930 
and BujHuan patent, 24, 393 Nqv. 24, 193L 


tion greater than that needed for the reflection of the 
ordinary ray. The circumstances favourable for this 
reflection were discussed theoretically by Taylor, 5 
but such reflections were first observed by the workers 
in the Physical Laboratory of the Allahabad Univer- 
sity 6 and a correct interpretation was also given. 7 

The notes published by Meek and by Eckersley* 
give an incorrect impression that Harang* was the first 
to observe triplets corresponding to the theory. As 
a matter of fact Harang has himself acknowledged 
the earlier work done at Allahabad. The triplets 
observed by Eckersley, Viz., two ordinary rays and 
one extra-ordinary ray, seem to belong to different 
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mechanic and is not according to the theory of ionos- 
pheric reflection which demands only one ordinary ray 
and two extra-ordinary rays. 

The first paragraph of Meek’s note gives an im- 
pression that the theory indicates a triple splitting 
only in the polar regions where the earth’s magnetic 
field is vertical. However, according to the theory, 
the reflection of the extra-ordinary rays depend upon 
the total earth’s magnetic field and not upon its direc- 
tion. This is confirmed by experimental results 
obtained at Allahabad and Tasmania, where the 
earth's magnetic field is not vertical. 

Lady Jamshedji Road, G. R. Toshniwal 

Bombay, 7-2-1949. 
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Toshniwal, G. R., l,c. 
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SULPHUR-ISOMERISM OBSERVED IN 4-S-BENZYL- 
4-METHYL-PENTANONE-2 

While studying the synthesis of a number of 
biologically important amino acids containing sulphur, 
by an extension of Schmidt’s reaction on substituted 
aceto-acetic esters, we made the following important 
and unexpected observation. By the addition of 
benzy 1 -m er cap tan , to isopropylidine-aeeto- acetic ester, 


- and which did not solidify even on cooling to — 10°C. 
The compound, however, very readily formed a 
semicarbazone (melting point 125°C.) Further, this 
compound (£) on refluxing with hydrochloric acid 
(1:2) was transformed into the compound m.p . 48°C 
described above (A). The tw r o compounds did not show 
any depression of melting point on admixture, and 
their crystalline structures were identical. 

The elementary analysis of sulphur gave 
calculated for Ou,H 18 OS S 14.41%* 
a compound : found S 14.85%, 14.37% 

p compound : found S 14.58%, 14.37% 

An extensive search of literature, revealed that ex- 
actly similar type of sulphur isomerism was, observed 
by Hinsberg. 1 “When phenyl sulphide is warmed with 
perchloric acid it gives a perchlorate of sulphonium 
base : on treating it with alcoholic potash, a new-com- 
pound is formed which is structurally identical with 
the starting material phenyl-sulphide and is linked 
with it, by sulphur isomerism.” Hinsberg (loc. cit.) 
made analogous observation in the aliphatic series 
about U ' butyl sulphide. 

The detailed report of our investigations to explain 
the exact nature of sulphur isomerism, dealing 
with the chemical and physical aspects of the problem 
will be published in the near future. 

Our thanks are due to Dr I). M. Bose, Director, Boso 
Research Institute, for his sympathetic encouragement 
and the keen interest shown during this investigation. 
Our sii merest thanks are also due to Prof. 8. N. Bose, 
Khaira Professor of Physics, Calcutta University, for 
helpful and critical suggestions. 




CO.CH 3 C 0 H r ?:ClI,SH CH 3S 


>co.ch 3 


CO.O.CjHr, 


( T ) Acid hydrolysis 18 hrs. 
(1:2 HO) 


^>0 — CH.OO.CH 


C 6 H v CH 2 SH ch a 


Refluxing cHgy 

Ij.CO.OHj » ) 

ift Vina n -> Trnn ™ / 


,CO.CH* 


c — oh 2 


ch 3 ' I 18 hrs. (1:2 HOI) ch/ | 

s.ch 2 .c 6 h 5 S.01I 2 .C 6 H 5 

(B) Liquid : b. p. 140/45°c at 5/6 m.m. of Eg. (A) Solid: m.p.48°c 

p4 8- Benzyl-4-methyl-pentanone-2 * a-4 -S -Benzyl -4 methyl-pen fcanone -2 


we obtained Ethyl j9-s-benzyl-«-ace£o-isovalirate (l) 
(b.p, 152-1 58°C at 5-6mfn of Hg). On hydrolysis with 
hydrochloric acid (1:2) a liquid (b.p. 130°-35°C at 6 mm 
of Hg) (A) w hich solidified on cooling and after crystalli- 
zation from alcohol, melting at 48°(7 was obtained. No 
solid semicarbazone could be obtained from this 
compound. With a view to establish its constitution we 
attempted to prepare the same compound by the addi- 
tion of Benzyl-mercaptan to ^fesityl Oxide. The product 
was, however, a liquid b.p. 140/145 at 5-8 mm of Hg (B) 


Bose Research Institute, B. Banekjee 

93. Upper Circular Road, Calcutta. S. Chakraborty 

' & J. G. Dutta 

Khaira Professor’s Laboratory 
University College of Science and Technology, 

92, Upper Circular Road, Calcutta. — 10-2-1949. 

1 Hinsberg, 0„ Ber, $2, 127, 1929. A 

•The notation a and fi was introduced in order to distinguish 
the two iso-meric forms following th$ suggestion of Hinsberg. 
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REORGANIZATION OF AGRICULTURAL DEPARTMENTS IN INDIA 


N° apology is offered in drawing attention of the 

agricultural scientists, leaders in public thought 
and Governmental authorities in the country to tho 
article, published elsewhere in this issue, on tho nature 
of the organization of the Department of Agriculture 
of the Government of the United States of America. 
The article has presented in considerable details how 
the different activities of the Department are organized 
into several units to discharge effectively and efficiently 
the various functions assigned to it by acts of the U.S. 
Congress from time to time. Today the United States 
stands in production of agricultural commodities, as in 
tho field of industry, far ahead of any other country. 
This leadership in agricultural production has been 
rendered possible, apart from a few other contributory 
factors, by the elaborate and effective organization 
that had beon created to translate quickly into action 
the programmes and policies laid down by the people’s 
representatives in the United States Congress. We there- 
fore urge that careful and critical attention be given 
to the lessons obtained from such a study of the organi- 
zational machinery that made such advancement 
possible. 

The U.S. Department of Agriculture spends 1805 
million dollars (601 crores of rupees) annually (i.e., 
5 per cent of the total budget of the U.S. Government) 
and employs a personnel of over 82,000 workers. Out 
of a total national income of over 200,000 million 
dollars, cash reoeipts from farm marketings aggregated 
to nearly 31,000 million dollars in 1948. In India agri- 
cultural commodities contribute a proportionately much 
greater share to our total National income, yet we find 
a very meagre establishment in agriculture in our 
Governmental set-up, and, that too, judged by its per- 
formances is not certainly very efficient. 

The World War II and subsequent years have 
shown how deplorably India is dependent on foreign 


countries for food commodities to keep the population 
out of the grip of actual starvation — not to speak of 
providing adequate supplies to assure the Nation of a 
certain minimum standard of balanced nutrition. The 
country has been passing through such a state of un- 
happy affairs for the last six to seven years, yet we see 
no improvement today anywhere in any aspect of our 
agriculture nor are there sure signs that things will de- 
finitely improve in the near future. The figures presen- 
ted recently in the Indian Parliament by the Food 
Minister gave a dismal picture. In 1945, the country 
imported 850,000 tons of foodgrains at a cost of over 
20 crores of rupees. These figures rose to 2,840,000 
tons and 129 crores of rupees respectively in 1948. The 
outlook for 1949 is no better. How long can a country 
spend crores and crores of rupees in importing food 
commodities from foreign lands to keep her population 
just going? 

While the country has been passing through such 
a severe crisis since the early 1 940’s an analysis of the 
whole affair of things will show that the Government of 
India is trying to fight such an unprecedented situation 
with an organizational machinery that has out-lived 
its usefulness. In contrast to the static nature of 
agricultural organization in this country, the U. S. 
Department of Agriculture has, since its inception, 
been showing great dynamicity and youthful vigour in 
moving with the times to meet the changed circums- 
tances— -social or economio. Within tho recent years 
the U. S. Department of Agriculture has undergone 
major organizational changes in 1917, 1932, 1935 and 
in 1942. Even as late as 1945 a new agency, viz., the 
Production and Marketing Administration was created 
under the Department to unify under one coherent 
administrative unit the various offices that were so 
long independently carrying on activities concerning 
production, marketing, grading of commodities, ware- 
house inspection and services for improvement of 
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marketing facilities as well as settling production goal 
lor the country. In the sphere of agricultural research 
and technological development, the Agricultural Re- 
search Administration was created in 1942 for unifying 
and consolidating all research activities of the Depart- 
ment and also for over-all planning and co-ordination 
of the same. To help maintain close touch with the 
research activities and other programmes of work at the 
various agricultural experiment stations located in the 
individual States, there exists under the U. S. Depart- 
ment of Agriculture a separate agency, viz., Office of 
Experiment Stations whose main function is to suggest 
and encourage active co-operation among the State 
agricultural experiment stations and to promote solu- 
tion of problems that extend beyond the borders of 
any one individual State. In our Indian set-up we find 
a complete absence of such an useful agency to bring 
about much needed co-operation and co-ordination in 
the programmes of work — research or otherwise — bet- 
ween neighbouring Provinces or among the Provinces 
and the Centre. 

Another important agency that has contributed 
largely to the agricultural progress in the U.S.A. is 
what is known as the Extension (—advisory) Service. 
This agency is charged with the responsibility of bring- 
ing into the hands of the farmer the results obtained 
in the laboratories of the universities and the agricul- 
tural experiment stations. Its field of activities includes 
varied aspects of the life of the farm communities and 

“some of the areas and ways in which this Service lias ac- 
complished important results are: Counselling ori farm prob- 
lems, securing application of the findings of research on the 
whole range of farm operations from land use, Hoil treatment, 
crop and livestock production to better farm management 
and business methods; better homes and bettor farm and com- 
munity living; working with rural youth; helping farmers solve 
problems through group action; mobilising rural people to meet 
emergencies; developing an understanding of the economic 
and social factors affecting family living and agriculture in 
general”.* 

The need for such an Extension Service, where its 
necessity is all the more greater because of the appall- 
ing illiteracy among the farm population, cannot be 
over-emphasised. 

In the field of agricultural education, there exist 
in the U.S.A. today 69 Land-Grant Colleges (mostly 
of university status) imparting instructions on the 
graduate or post-graduate level in agriculture, along 
with other liberal arts and science subjects, to a full- 
time enrolment of over 300,000 students. The total 
expenditure on these 69 institutions for the year 1945-46 
was over 257 million dollars : 76 million dollars came 
from the Federal-Grant funds, while the remaining 
181 million dollars were received from the individual 
States. While in India 75 per cent of the population 
is dependent on farming, there are hardly more than a 
dozen agricultural colleges and the number of students 
undergoing instruction will not exceed a few thousands. 


* Joint Committee Report on Extension Programs, 
Policies and Goals. U. S. Dept. Agri. and Association of Land 
Grant Colleges and Universities, 1948. 


Universities in all countries have been the citadel 
of progressive thoughts and advanced ideas. Because 
of the definite policy, the then British Government in 
India discouraged establishment of agricultural colleges 
near or within the university campus or as a depart- 
ment of the university itself. As such we find our 
agricultural colleges isolated physically and in thought, 
and far behind our university departments in their 
achievements in original research or applied fields. 
This situation calls for immediate remedy. In the 
(Jnited States almost all the agricultural colleges and 
the State agricultural experiment stations are located 
in the university campus and often in the same build- 
ings. Such are the co-ordination of work and co-opera- 
tion in spirit that one can hardly notice where one 
organization ends and another begins. The same 
professor will often teach in the university and perform 
work of the agricultural experiment station, his salary 
being book-adjusted on the length of time devoted on 
the work of the agricultural college, university and the 
experiment station. 

What is needed is a thorough reorganization of our 
agricultural structure both in the Centre and the 
Provinces. Establishment of a research bureau here 
or an institute there will not materially improve the 
situation. Such an over-all reorganization will of course 
involve a considerable adjustment but will not necess- 
arily involve huge expenditure unless and until our 
National finances so permit. In the light of several 
discussions that we had had with the deans of many 
agricultural colleges and directors of State agricultural 
experiment stations (in U.S.A.), it can be said with 
emphasis that all or most of our Provinces can have an 
agricultural college, as they exist in the U.S.A., orga- 
nized out of the different related departments in our 
universities by adding a few personnel in specialized 
branches and acquiring a few hundred acres of land in 
an adjoining or nearby locality. For this purpose the 
services especially of the biological, chemistry, eco- 
nomics and engineering departments of our univer- 
sities should be harnessed to their capacity in this 
drive for extending, and improvement of, agricultural 
teaching, research and extension and advisory services 
to practical farmers. This will save huge sums in 
maintaining separate agriculture colleges at different 
locations, save expenses on buildings, help conserve 
building materials for other urgent purposes, save on 
library books and journals, and laboratory equipment 
too hard to obtain and so costly to acquire anew these 
days. In case of the Provinces which still possess 
no universities of their own, the agricultural colleges 
and the agricultural experiment stations might serve 
as the nuclei around which to build universities 
as were done in the cases of so many useful 
Land-Grant (agricultural) institutions of the United 
States. 

Lastly, our agricultural, set-up was fashioned by 
Britishers and manned by personnel trained according 
to the British system: England had never been an 
‘agricultural’ country, and it should be profitable to 
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keep in mind while drawing our own plan of agricul- 
tural reorganization that she herself is now employing 
American methods and ideas in her new development 
projects of agriculture in the homeland or abroad. 
Besides borrowing ideas and information from progress 


made in advanced countries, what we need most essen- 
tially is personal initiative and sincerity of purpose 
and a sense of responsibility in the top and also down 
the ranks if we mean any quick improvement in the 
agricultural situation in our Indian Union. 


ORGANIZATION AND OPERATION OF THE UNITED STATES 
DEPARTMENT OF AGRICULTURE 

J . V . SAHA 

VISITING RESEARCH FELLOW, YALE UNIVERSITY, CONNECTICUT, U.8.A. 


BECAUSE of considerable importances and necessity 

for re-organization of Agricultural Departments in 
India, the Writer is taking this opportunity to present 
a detailed account of the organization of the Uni- 
ted States Department of Agriculture and how its 
various activities are grouped into different offices, 
etc., for successful, effective, and efficient dis- 
charge of its duties and obligations to the people of 
that country. Its field of operations touches upon 
almost every aspect of the life of the people of that groat 
nation. No one article, therefore, far less the present 
one, can claim to give a complete picture of all the 
activities carried on by or under the auspices of the 
U.S. Department of Agriculture. However, an attempt 
has been made hereunder to provide information on 
certain important aspects of the working of the Depa rt - 
ment. 

In a country like India, which is 75 per cent agri- 
cultural, no other single phaso demands more serious 
and immediate attention of our Government and of 
the thoughtful section of our public than agriculture 
itself. To regenerate and reinvigorate agriculture, 
to raise it out of the decadence to which it has fallen 
during the course of the past several generations, is 
one of our most urgent national problems. This arti- 
cle has, therefore, been written to focus attention on 
certain basic aspects of the organization and methods 
of operation of the U.S. Department of Agriculture, 
which has contributed so much to secure for that count- 
ry a great lead in agricultural progress. These might 
serve as lessons and inspirations in the task that lies 
ahead of us in reorganizing agricultural activities at 
the governmental level in India and thereby to help 
make agriculture a major, well-organized national 
industry on a sound economic* basis and a profitable 
and welcome occupation for many millions of our people, 
whose very existence depends on agriculture alone. 


Origin and Evolution of the Department 

The U.S. Department of Agriculture began its career 
in the 1830’s in a very humble way as an outgrowth 


of agricultural activities at first parried on in the Patent 
Office, then under the Department of State, without 
any special appropriations. In 1839, however, the 
U.S. Congress authorized the then Patent Office to 
expend $ 1 ,000 out of current income for agricultural 
purposes, especially for the collection of valuable 
plants and seeds and for compilation and dissemination 
of agricultural statistics. 

The Department of Agriculture as an individual 
and separate unit of the Government was created by 
an Act of the U.S. Congress, May 15, 1862. The next 
big step was the bill passed by the U.S. Congress, which 
became law in February 9, 1889, making the head of the 
Department of Agriculture a member of the President’s 
Cabinet. With the appointment of a Secretary of 
Agriculture (which in our governmental set-up is equi- 
valent to Minister of Agriculture), the Department 
really began to gain recognition, status and importance. 
It soon began to grow in size and service to the people. 
Because of increasing complexities and competitive 
conditions in agricultural enterprises, more demand was 
being made upon the Federal Government to have 
a reliable and really efficient department at the capital 
of the country to advise them and serve them in matters, 
which are beyond the capacity of the individual far- 
mers to handle. 

Below are mentioned a few of the most significant 
steps in the history of the Department which, during 
the course of the years following, have gradually brought 
it to its present status. 

Establishment of Land-Grant (Agricultural) Colleges . 
One of the most important Acts ever passed by the 
U.S. Congress which has helped so much to gain the 
leading place in technological advancement in agricul- 
tural sciences, was the legislation making agricultural 
education more extensive and intensive as well. 
The First Morril Act, passed in July 2, 1862, provided 
a donation to each of the individual States in the feda- 
ration of 30,000 acres, of public land for each Senator 
and Representative in the Congress to which the States 
Were respectively entitled. In all, 11 million acres of 
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public land were thus set aside by the Government 
as an endowment. The Act specified that the sale 
proceeds and/or revenue from the said land should be 
used (inly for the purpose of the establishment and/or 

“endowment, support, and maintenance of at least one eolloge 
where the leading object shall be, without excluding other scientific 
and classical studies, and including military tactics, to teach 
such branches of learning as are related to agriculture and the 
mechanic arts” 1 . 

To prevent dissipation of the fund on unproductive 
items the Act further stipulated that no income from 
the land and/or 

“the fund, nor the interest thereon, shall be applied directly or 
indirectly, under any pretense whatsoever, to the purchase, 
erection, preservation, or repair of any building or buildings’* 

and to hasten the attainment of the objectives of the 
Act it was further enjoined that 

“any State which may taRe and claim the benefit of the pro- 
visions of ibis act shall provide within five years, at least not 
less than one college*’ (pp.3-4) 1 . 

\ 

By subsequent Acts of the U.S. Congress : the 
Second Morill Act of 1890, the Nelson Act of 1907, 
and the Bankhead -Jones Act of 1937, and a few others, 
additional provisions were made from the Federal 
funds to meet the growing needs of these so-called 
land-grant institutions. 

Today there are in existence in the U.S.A. 69 
land-grant institutions (mostly of university status) 
imparting instructions on graduate or post-graduate 
level in agriculture, along with other liberal arts and 
science subjects, to a full-time enrolment of 309,870 
students. The total expenditure for these institutions 
for the year 1945-46 was over 257 million dollars (~85 
crores of rupees) 3 : Over 76 million dollars came from 
the Federal-grant funds under the above acts, while 
the remaining 181 million dollars were received from the 
individual States. 

The harnessing of every new development in science 
. to the progress of agriculture in the U.S.A. became 
possible due only to these thousands of trained young 
people, who in due course turned to farming or other- 
wise took up positions in agriculture-based industires 
and applied the training and knowledge gained in the 
land-grant colleges and universities to grow “two blades 
of grass where one grew before” or to get “plastic out 
of a corncob”. 

In our national planning of agriculture, prime 
consideration should be given to making agricultural 
and allied education much more liberal and wide-spread 
so as to provide the country With a vast body of trained 
young people, who will, in the course of the next gene- 


’Federal Legislation, Rulings, and Regulations affecting the 
State Agricultural Experiment Stations, U, S. Dept, Am. 
Misc, Pub.516, 1 946, 7 

•Statistic® of Land-Grant Colleges and Universities: year end- 
ing June 30 ? 1946, y. 8, Office of Education, Bull. 14, 1947, 


ration, form a goodly percentage of our fanners, 
supply teachers for our agricultural institutions, and 
technicians for our experiment stations and agriculture- 
based industries. Our success or failure to improve the 
country’s agricultural situation will depend on how 
soon and to what extent we are able to provide ourselves 
with a vast body of young men equipped with the best 
scientific training possible. 

Establishment of State Agricultural Experiment 
Stations . In 1887 a legislation, popularly known as 
the Hatch Act, was enacted by the U.S. Congress 
authorizing Federal grants to help individual States 
establish their own agricultural experiment stations 
under the direction of, or as a department of the 
land-grant college or colleges in each State : 

“in order to aid in acquiring and diffusing among the people 
of the United States useful and practical information on subjects 
connected with agriculture, and to promote scientific investi- 
gation and experiment respecting the principles and applications 
of agricultural science’* 

“That it shall bo tho object and duty of said experiment 
stations to conduct researches or verify experiments’* 

bearing upon useful plants and animals, soils and 
manures, food and forage, etc., and 

“such other researches and experiments bearing directly on 
the agricultural industry of the United States as may in oach 
case be deemed advisable, having due regard to the varying 
conditions and needs of the respective States or Territories’*. 

It was further enjoined in the Act that each experi- 
ment station should publish at least one bulletin or 
progress report once in three months and that copies 
of them should be sent to each newspaper in the States 
or Territories in which they are respectively located as 
well as to all other experiment stations all over |he 
country, in order to keep the public and the experiment 
stations informed of what was going on in the other 
experiment stations. It was further provided that 

“such bulletins or reports and tho annual reports of said stations 
should be transmitted in the mails of the United States free of 
charge for postage’ 

The above quotations have been taken at length 
from the Hatch Act of 1887 to show the wide scope 
of operations given to the State agricultural experiment 
stations under the terms of tho Act and the great 
wisdom and forethought shown in providing for the 
free mailing (postal) service for bulletins, reports and 
correspondence emanating from these experiment 
stations. To what a great extent this provision for 
free postal service has facilitated the dissemination 
to the farmers of the knowledge gained in the labora- 
tories of these experiment stations cannot be over- 
estimated. 

As the activities of these State agricultural expert 
ment stations were growing day by day, additional 
recurring Federal-grants have since been provided 
under the Adams Act of 1906, the Ptirnell Act of 1925, 
the Bankhead-Johnes Act of 1935, and a few other 
supplementary act§. 
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The total of Federal-grant research funds avail- 
able to the 53 State agricultural experiment stations, 
established under the original Hatch Act of 1887, for 
the fiscal year 1945-46 was over 7 million dollars 
(—over 2 crores of rupees). The total sum available 
for expenditure to these agricultural experiment sta- 
tions for 1945-46 was over $33 million (-10 crores of 
rupees) 3 . In other words, for every help of $1 from 
.th© Federal-fund, the States expended nearly $4 for 
these agricultural experiment stations. 

Establishment of the Office of Experiment Elutions. 
One year later, in 1888, the Office of Experiment 
Stations was created to administer Federal-grants for 
research available to the agricultural experiment 
stations established under the Hatch Act of 1887 
and later supplementary enactments. In administer- 
ing those Federal-grant funds, the Office of Experiment 
Stations of the U.S. Department of Agriculture evaluates 
and approves of new and revised research proposals 
submitted by the various State agricultural experi- 
ment stations, encourages and suggests co-operative 
research among the experiment stations to promote 
the solution of problems that extend outside the borders 
of any one State and which are beyond the means of 
any one State to solve all by itself. During the review 
of research projects submitted by the States, the Office 
of Experiment Stations calls attention to pertinent 
research at other agricultural experiment stations or 
in the ITS. Department, of Agriculture itself, suggests 
the possibilities of exchange of information or arranges 
for more formal co-operation between the stations when* 
this seems desirable and feasible, helps draw and ap- 
proves of the formal memoranda of understanding 
between experiment stations, and between experiment 
stations and the research bureaus of the U.S. Depart- 
ment of Agriculture. Over 1200 formal memoranda 
of understanding were in effect during 1946-47. 4 

Establishment of Research Bureaus. First to be 
founded, in 1884, was the Bureau of Animal Industry 
in response to a special Act of the U.S. Congress autho- 
rising its establishment to aid in the control and eradi- 
cation of diseases among cattle and useful animals. 
No more bureaus were established until James Wilson 
became the Secretary of Agriculture. Under Secretary 
Wilson’s administration (March 1897— March 1913), 
the U.S. Department of “Agriculture made the most 
outstanding progress in several respects. Under 
Wilson’s initiative the Bureaus of Soils, Plant Industry, 
Forestry, and Chemistry were established in 1901, 
the Bureaus of Entomology, and Biological Survey 
in 1904. Many of these bureaus established in the early 
1900’s are still functioning, in some cases modified in 
name but greatly enlarged in Scope arid activities. 
Several new bureaus have Since been created. 


•Report of the Agricultural Experiment Stations for 1946. 
U, S. Dept. Agri., 1947. 

♦Report of the Administrator of Agricultural Research : 
J1947. U, 8. Dept. Agri., 1948, • 


Another era characterized by the creation of a 
number of the ‘'action” agencies began in 1933. 
Soon were established such new “action” agencies as 
the Commodity Credit Corporation, Farm Credit Admi- 
nistration, Rural Electric Administration, and Soil Con- 
servation Service. 

Dynamic Characteristics. One of the most im- 
portant characteristics of the Department has been 
that it has never remained static but tried always 
to move with time to face changing situations — social 
or economic. To streamline its activities to meet 
the increasing demands made on agriculture for success- 
ful war efforts, a major reorganization of the Depart- 
ment was announced on December 13, 1941; and this 
was immediately given effect to by Executive Order 
of February 23, 1942. The effect of this Order in con- 
solidating and unifying all research activities of the 
Department under a single administrative unit has 
been discussed later under ‘Otfcr-All Planning and Co- 
ordination of Research Activities'. 

Production and Marketing Administration. Another 
landmark in the evolution of the Department was 
the creation on August 8, 1945, of the Production 
and Marketing Administration for unifying under 
one coherent administrative unit various offices which 
were so long independently carrying on activities 
concerning production, marketing, consumption, etc. 
This Production and Marketing Administration is now 
charged with the responsibilities of setting production 
goals, announcement of price support for commodities 
to prevent production falling below set-goals, adminis- 
tration of farm marketing quotas for foreign countries, 
administration of commodity loans, helping develop- 
ment of new r food uses and consumption of foods in 
abundant supply. It. keeps a strict eye on the grading 
of agricultural commodities, inspects warehouses, and 
provides service for the improvement of marketing 
facilities. 

Functions and Obligations 

The U.S. Department of Agriculture is directed 
by law to acquire and disseminate useful information 
on agricultural subjects in the most general and com- 
prehensive sense. It performs functions relating to 
Agricultural education, marketing, conservation, and 
other regulatory work. It conducts researches in 
agricultural chemistry, industrial uses of farm products, 
soils, entomology, agricultural engineering, agricultural 
economics, marketing, crop and live-stock production, 
production and manufacture of dairy products, human 
nutrition, home economics, and conservation of land^ 
and agricultural resourses. It seeks to promote efficient 
use of soils and forests. It is also required by law 
to make research results available for practical farm 
use through extension and 'demonstration work. It 
publishes crop reports, provides commodity standards, 
Federal meat inspection service and other marketing 
services. It seeks to control and .eradicate plant and 
animal diseases and pests and is required to enforce 
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laws designed to prevent introduction of foreign pests 
and diseases. It provides rural rehabilitation, guaran- 
tees the farmer a fair price and a stable market through 
commodity loans, supplies agricultural credit, assists 
tenants to become farm-owners, and facilitates the 
extension of electric services to families living in farms 
in rural areas. 

Organization of the Department 

It is worth studying how the work of the Depart- 
ment, which directly engages a body of 82,000 employees 
and expends 1 ,805 million dollars (=601 crorcs of rupees) 
a year*, organizes itself to discharge the varied functions 
entrusted to it. 

On the basis of functions assigned to the agencies, 
they can be grouped into three kinds : 

* 

I. Staff Agencies ; 

1. Office of Administrator, Research and Marketing Act 

2. Bureau of Agricultural Economics 

3. Office of Budget and Finance 

4. Office of Foreign Agricultural Relations 

5. Office of Hearing Examiners 

6. Office of Information 

7. Library 

8. Office of Personnel 

9. Office of Plants and Operations 

10. Offico of the Solicitor 

The above agencies are concerned with the day to 
day administration and similar routine duties of the 
Department. 

II. Program and Sendee Agencies ; 

1. Commodity. Exchange Authority 

2. Extension Service 

3. Farm Credit Administration 

4. Farmers Home Administration 

5. Federal Crop Insurance Corporation 

6. Forest Service 

7. Production and Marketing Administration 

8. Rural Electric Administration 

9. Soil Conservation Servi<e 

These agencies perform most of the operating 
and regulatory functions of the Department. In 
addition, Forest Service, Soil Conservation Service, 
and Production and Marketing Administration per- 
form some research in the physical and biological 
sciences. 

III. Research Agency ; 

Agricultural Rosearch Administration 

This agency is concerned with the over-all planning, 
*- co-ordination and administration of all the research 
activities carried on by the various ‘bureaus’ of the 
Department of agriculture. 

The work of the agencies are next divided into 
‘Divisions* and the Divisions into ‘Sections*. In the 
case of larger agencies, like the Production and Market - 


* (Estimated) agricultural budget for 1949-50, 


ing Administration, the agencies are first subdivided 
into ‘Branches* before they are formed into ‘Divisions* 
and ‘Sections*. 

Organization of Research Activities 

Over 31 million dollars (=over 10 crores of rupees) 
were expended by the U.S. Department of Agriculture 
on research alone during the fiscal year ljM7. Ex- 
penditure by type of research was as follows : funda- 
mental research — $ 2.4 million, developmental research- 
$4.4 million, background research — $10.7 million, 
and applied research — $ 13.7 million. The total number 
of personnel engaged in research was 7577. 

Bureaus. Almost all the research activities of 
of Department are directly conducted by the 
research bureaus. The naming of the existing Bureaus, 
enumerated below, indicates the principal nature of 
activities they are directly concerned with, and no 
space will be taken to add any further explanation : 

Bureau of Agricultural and Industrial Chemistry 

Bureau of Animal Industry 

Bureau of Dairy Industry 

Bureau of Entomology and Plant' Quarantine 

Bureau of Human Nutrition and Home Economics 

Bureau of Plant Industry, Soils, and Agricultural Engineering 

Office of Experiment Stations 

The work of each of these Bureaus is next divided 
into several ‘Divisions’ and the ‘Divisions’ into ‘Sec- 
tions’. The ‘Divisions’ under each Bureau may bo 
classtMl in two groups. Divisions such as the Division 
of Finance and Business Administration, the Division 
of Information, the Division of Personnel, etc., are 
known as “Service Divisions” ; while others such as the 
Division of Cereal Crops and Diseases, the Division 
of Cotton and other Fiber Crops and Diseases, the 
Division of Mycologieal Collections and Disease Survey 
conducting research directly, are known as “Subject 
Matter Divisions” of the bureau. 

Regional Laboratories for Plant and Animal Sciences . 
To tackle problems of regional nature which are diffi- 
cult or impossible for an individual State or a group 
of States to handle successfully, provisions have been 
made under the Bankhead- Jones Act, passed by U.S. 
Congress, June 29, 1935, for joint enterprise by the 
Federal and State agricultural experiment stations. 

Nine regional laboratories, popularly * called 
‘Bankhead- Jones Laboratories,* after the names of the 
sponsors of the Act, were soon established to undertake 
solution of problems pertaining at those regions. They 
are as follows ; 

1. U.S. Regional Salinity Laboratory, at Riverside (California) 

2. U.S. Regional Plant, Soil, and Nutrition Laboratory, 
at Ithaca (New York) 

3. U.S. Regional Pasture Research Laboratory, at State 
College (Pennsylvania) 

4. U. S. Regional Soyabean Laboratory, atUrbana (Illionis) 

5. U. S. Regional Vegetable Breeding Laboratory, at Charles/* 

ton (South Carolina)! “ * “ ‘ ‘ 
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6. U.S. Regional Swine Breeding Laboratory, at Ames (Iowa) 

7« U. S. Sheep Breeding Laboratory, at Dubois (Idaho) 

8. U. S, Regional Laboratory for Improvement of Vitality 
in Poultry, at East Lansing (Michigan) 

9. U.S. Regional Animal Disease Laboratory, at Auburn 
(Alabama). 

The first five laboratories concerned with plants 
and/or soils are under the charge of the Bureau of 
Plant Industry, Soils, and Agricultural Engineering, 
while the last four laboratories, concerned with animal 
sciences, are under the direction of the Bureau of Animal 
Industry. 

Laboratories for Research on Indvstrial Uses of 
Farm Produce. Another line of research activities of 
the U.S. Department, of Agriculture that needs mention 
is the one concerned with finding new and wider uses 
of farm commodities. Faced with over-production 
of farm commodities in the late 30’s, the T T .S. Depart- 
ment of Agriculture tried to meet the situation by 
harnessing science to find newer channels for commo- 
dities in over-production and not through the too-casy 
w ay (if that is a solution at all !) of compulsory restriction 
of cultivation, as India did with jute then in over- 
production in the late 1930’s. 

* 

** The U.S. Congress in the Agricultural Adjustment 
Act of 1938 authorized appropriations for research 
and experimentation for the improvement of methods 
of processing, utilizing, and preserving agricultural 
commodities, and for developing new and wider uses 
for industrial and food purposes. 

To implement the above Act of 1938, four regional 
research laboratories were soon established respecting 
the principal crops grown in each of those major agri- 
cultural producing areas of the United States. The 
Northern Regional Research Laboratory located at 
Peoria, Illinois, carries on investigations to find new 
uses of corn, wheat, and other cereals, soyabeans and 
other oil -seed crops, agricultural residues such as stiaws 
and stalks; the Southern Regional Research Labora- 
tory at New Orleans, Louisiana, is engaged < n similar 
studies relative to cotton, sweet potatoes, ground nuts, 
and other oil seed crops; the Eastern Regional Re- 
search Laboratory at Wyndmoor, Pennsylvania, is 
engaged on such items as apples, potatoes, and other 
vegetables, tobacco, tanning materials, hides and 
skins, milk products, and animal fats and oils; while 
the Western Regional Research Laboratory at Albany, 
California, devotes attention, mainly, to fruits, vege- 
tables, alfalfa, poultry products and by-products. 

Many of the items of investigations in these labora- 
tories are operated on a “project” basis under the leader- 
ship of one or more investigators. Depending on the 
nature of the ‘project’, part of the work may be carried 
on in the laboratories of other bureaus. As soon as 
work on a “project” is concluded, a report is “prepared 
in the public interest as a brief report of noteworthy 
research” and published in the form of a “Research 
Achievement Sheet” by the Agricultural Research 


Administration. It gives a short resume .of the new 
uses found or new products obtained, the estimated cost 
of the new' discovery or development or achievement. 
More than one hundred such “Research Achievement 
Sheets” have been released for public information on 
outstanding rest arch achievements by these regional 
research laboratories alone or in cooperation with 
other research bureaus. 

Over all Planning ajsd Co-ordination of 
Research Activities 

Research in the U.S. Department of Agriculture 
has an intimate bearing on all its other functions. 
The Department relies heavily upon research as a 
major instrument in shaping broad policies and programs 
and in evolving newer technological methods to increase 
yield per aere, improving quality, nutritive value, 
utilization of farm waste and saving of human labour. 
Accordingly, great care and attention has always been 
paid to finding ways and means for efficient manage- 
ment of the research activities of the Department as a 
whole. 

Agricultural Research Administration . In order 
to assist in the over-all planning and co-ordination of 
all researches carried on by the se veial ‘independent’ 
research bureaus, in order to make the most effective 
and economical use of the research facilities, funds, 
and technical personnel available, a new approach 
was recently initiated. The Agricultural Research 
Administration was treated in 1942 by an Executive 
Order and charged with the above' responsibilities. 
All the research bureaus doing biolt gieal, chemical, 
physical and agricultural engineering research in the 
Department were placcel under this unified aelminis- 
tration. Because of the success with which the Ad- 
ministration could bring about effe ctive co-ordination 
in research activities ame>ng the dill (rent research 
bureaus, its sphere of operation has since been enlarged. 
Ibis agency is now entrusted with the co-ordination 
of all research activities of the Department of Agricul- 
ture except economic* research. 

Co-opeiation and co-ordination in research programs 
among the agricultural experiment stations of the 
48 States and the research bureaus and other agencies 
having research functions is effected through the 
Office of Experiment Stations, whose chief is also one 
of the Assistant Administrators of the Agricultural 
Research Administration. 

It may be* noted here with interest that considerable 
attention has been given by the U.S.President’s Scienti- 
fic Research Bcarel in its “Report* to the President” 
to finding means to bring about more effective* co- 
ordination, and avoidance of duplication, in the research 
activities carried out under the several departments 
of the U.S. Government and to get the most out of 
every dollar of the $62^ million (over 200 crores of 
rupees), excluding atomic energy, that the Federal 
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Government alone ifl spending on research each year 
since the laBt war. ft 

The necessity for bringing about effective co-ordi- 
nation in the research activities of the different branches 
of the agriculture department, nay among all the 
departments of the Central government, and between 
the Central agriculture department and those of the 
Provinces of the*, Indian Union becomes all the more 
imperative when we consider our limited finances, too- 
limited equipment and extreme shortage* of technical 
man power. 

Budgeting and Accounting Research 

In order to improve budgeting and fiseial accounting 
of research activities, the Agricultural Research Ad- 
ministration uses what is known as a ‘project system’. 
The project system provides a means whereby pro- 
posed new work may be considered in relation to pro- 
posals from all other bureaus and agencies and in tin* 
light of the record of the existing programs in opera- 
tion. It also helps find out how much money has 
been expended on a particular crop as well as on a 
particular line of investigations concerning the same 
crop, and to help judge what achievement lias been 
obtained in relation to the amount of money expended. 
Taking the budget, say, of the Bureau of Plant Industry, 
Soils and Agricultural Engineering, as a model, the 
entire budget of the Bureau is first divided, barring 
intricacies of special purpose funds, into a number of 
appropriations, such as : (1) Field Crops Appropriation, 


r - A Report to the President. The fU. 8.] President’s 
Scientific Research Hoard. (.John U. Steelman, Chairman). 
Vol. 1. Science and Public Policy. 1947. Vol IIT. Adminis- 
tration for Research, 1947. 


(2) Fruits, Vegetables and Specialty Crops Appropria- 
tion, (3) Forest Diseases Appropriation, (4) Soils, Fer- 
tilizers, irrigation Appropriation, (5) Agricultural 
Engineering Appropriation, and (6) National Arbo- 
retum Appropriation. 

Since an ‘appropriation’ covers a wide range, it 
is next sub-divided into a number of ‘financial projects’. 
Cereal Production, Breeding, Disease, and Quality 
Investigations form one ‘financial project’; Cotton 
Production, Breeding, Disease, and Quality Investi- 
gations form another financial project, and so on and 
so forth. A financial project is next divided into 
a number of ‘work projects’; all works concerning 
rice comprise one work project, those concerning wheat 
form another work project and so on. Each work 
project is comprised of a number of ‘line projects’. 
A line project represents a rather narrow phase 
of research. Investigations regarding disease control 
of rice form one lino project, breeding disease resistant 
rice varieties may comprise a second lino project, 
research regarding yield improvement may form a 
third line project, and so on, under the main work 
project concerning the rice crop. 

The project system of budgeting and accounting, 
in the words of the Administrator, Agricultural Re- 
search Administration, U.S. Department of Agri- 
culture, is 

“extensively used by the (Agricultural Research) Adminis- 
tration in keeping record of all research in progress and for 
getting team work betweon the different units of the Adminis- 
tration” (p.f>).° 


6 The Administration of Federal Research. Talk by W. V. 
Lambert, Administrator of Agricultural Research, U. S. Dept. 
Agri., before the Amo, Assoc. Adv. Sei., Chicago, 111., Decem- 
ber 29, 1947 (memeographed). 


PERENNIAL PEACE I 

The President of the United States of America has declared tho other day that he will not hesitate to 
release the atomic bomb once again for maintaining the world-peace; tho authorities of the Soviet Russia 
also are working assiduously to the same end by encouraging communistic groups in evory land to fight 
with arms their own Government in power for the time-being. The two most powerful nations of the world 
to-day have thus allied themselves in closest co-operation for the achievement of this noble task. Humanity, 
therefore, may now feel relieved at this prospect of permanent peace, and the United Nations’ Organization 
accordingly wind up their expensive business as there is little necessity for keeping up that show any more ! 
The money saved thereby may be made over as contribution to the two great powers for promoting their 
co-operative efforts in the cause of world peace. We venture to nominate the President of the United 
States of America and the Premier of the Union of Soviet Socialist Republic for the Nobel Peace Prize for 1949. 
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ABORIGINAL POPULATION AND THEIR PLACE IN THE 
NATIONAL LIFE OF INDIA* 

B. S. GUHA 

DEPARTMENT 07 ANTHROPOLOGY* GOVERNMENT OR INDIA 


TPHE people of India contain a larger number of 
■primitive tribes who sub.sist on hunting, fishing or by 
simple* forms of agriculture. Various terms have been 
used to describe them, such as ‘aboriginal’, ‘jungle 
folk’, ‘primitive race’ etc. Of these the term ‘abori- 
ginal’ is more appropriate in the sense that, if not 
the indigenous, they are certainly the oldest known 
inhabitants now living in this country. 

Their tota 1 strength in undivided India, as estimated 
in the Census of 1931, was roughly over 22 millions. 
In the Indian Union, after partition, it would be about 
a million less, but accurate figures will not be available 
until the coming Census, for, in the 1941 estimates, 
there had been some confusion between the aboriginal 
and the scheduled Castes and the figures obtained 
were not always dependable. 

Broadly speaking, there are three distinct zones 
in which the aboriginal population of India can be 
divided, namely a North-Eastern, a Central and a 
Southern Zone. 

In the first or the North-Eastern Zone , there are 
roughly three million people beginning from the Lep- 
chas of Sikkim to the Kuki-Lushais on the Frontiers 
of Assam and Burma. They are scattered over a large 
area in the Sub- Himalayan region and the contiguous 
parts of Assam. On the whole they form a compact 
block and with minor interruptions are continuous 
along the whole of the North-Eastern Frontiers of 
India and even merging gradually into those of Burma 
and Southern Yunnan from which no strict line ot 
demarcation can be drawn. 

Those who inhabit the Sub-Himalayan region, 
contain among others, the Lepchas of Sikkim and the 
Darjeeling District. The Hava, Mecli, Kachan and 
the Mikir, Garo and Khasi of the Central Massif, sepa- 
rating the Brahmaputra from the Surma Valley, cons- 
titute an inner ring whose outer perimeters are formed 
by tribes living in the hinterland between Assam and 
Tibet, and the mountain ranges and valleys that divide 
India from Burma. For administrative purposes they 
have been grouped into separate tracts, such as the 
Bali para, Sadiya Frontier, the Tirap and the Naga Hills 
Tract and quite recently the Abor Hills has been formed 
into an independent unit. Very little authentic in- 
formation is available on the tribes living in these 
tracts excepting the Naga tribes. On the Western 

* Dr Mahendralal Sircar Memorial Lecture delivered at 
the Indian Association for the Cultivation of Science, Calcutta 
on February 23, 1943. The views expressed here are author’s 
own views and do not indicate anything on the part of the 
Government. 


borders, the entire region beyond the MacMohan line 
is almost a terra incognita. Neither the land nor the 
alignments of the tribes are known. Of the tribes 
that live here, the Aka , the Dafla and the Miri are on 
the west of the Subansiri river, the Uppa Tani on the 
Upper Subansiri, and on both sides of the Dihong are 
the Abor group consisting of the Galong , Pasi f Minycmg 
and the Padam. The Mishmis with their sub- tribes 
occupy the country from the Dihong to the Lohit river; 
the Chulikata and the Bebejiyas living on the Western, 
and the Digaru and the M e ju * on the eastern parts. 
Further east, stretching towards Burma but within 
the Sadiya Frontier Tract, are to be found the Khamtis 
and somewhat to their south-west, the Singphos. From 
the Tirap river further east, to as far south as Manipur, 
and extending westwards beyond the Dhansiri up to 
the Rengma Hills in Golaghat District, lies the homo 
of the Naga tribes, which on the east includes the 
valleys and mountain ranges up to the Patkoi and 
across it to the western parts of the Hukwang Valley 
of Northern Burma. On the Indian side, the Nagas 
fall into five major groups, of which the Bang pan, 
Konyak, Serna , Angami , Lhota, Yimtsvngar , Chang 
and the Rengmas are most known. In the adjoining 
Naga territory of Burma the chief tribes are the Htangan , 
the Rangpan and the Haimi who live in the north 
and centre of the Triangle. 

From Manipur the tribal territory extends through 
the Lushai Hills to the hilly parts of Tipperali and the 
Chittagong Hill ’Tracts which no longer forms part 
of India. The tribes that occupy this region are the 
KuJcis , the Chins , the Lusha u s and the Hill Tipper ahs, 
who are either overflows of tribes from across the fron- 
tiers or are closely related. In fact, along the entire 
north-eastern frontiers of India there is no clear line 
of demarcation between Assam and Burma as far as the 
Ohindwin river. From the northern flpurs of the Patkoi 
to the southern tips of the Chin Hills the whole tract 
forms a single geographical and ethnical unit closely 
knit in race and culture. 

Separated from the North-Eastern Zone by the 
Gangctic plains, is the Central Mountain barrier that 
divides the Northern from the Peninsular India which 
has provided a refuge for the aboriginal population 
from time immemorial. The tribes living in this ter- 
ritory occupy the spurs and slopes of the Vindhya, 
Satpura, Mahadeo-Maikal and the Ajanta lines, stretch- 
ing across the country and joining the Western with 
the Eastern Ghats. They have expanded into the 
subsidiary hills as far north- west as the Aravalli and 
southwards into the uplands and forests of Hyderabad. 
This mountain belt roughly between the Narvada 
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and the Gpdavpri contains the largest assemblage 
of India'g aboriginal tribes. Beginning from the east, 
the most important tribes are the Ma varas, Uodara 
and Bondo of the Gan jam district, the Juang, Kharia 
and Khond of the Orissa Hills, the Ho and Bhuvtij 
of Singbhmn and Manbhum and the Santal, Oman , 
M inula of the Choto Nagpur plateau. In the middle and 
western portions of the central mountain belt the most 
important tribes are the Kola, and the* Ootid and the 
Bhii s\ The Balya living principally in the Rewa State 
and the Mur in and the Hill-and-Bison-Horn Maria of 
the Bastur State are other important tribes of this 
region. 

Third major zone of India's aboriginal population 
falls south of the Kistna river below latitude lff J north. 
Beginning from the Chenchus of the Nallaimallais 
Hills, the Toda, Badaga , and Kota of the Nilgiri Hills, 
the Pm riyan, Irula and Knrvmba of Wynaad, to the 
Kadars , llill Pantaravi, Kant tar , Mal-Vadan and 
Mala-Kuruvan of the Cochin and Tra van core Hills, 
the tribes are scattered over a wide territory, but mostly 
concentrated in the hills and forests of the south-western 
tip of India. 

In addition to these three major zones, there are 
small groups in several parts of the country or within 
the Indian political boundaries. Of these the Anda- 
man* and the Nicobar?, se who live in the Islands 
bearing their names, though now separated from the 
main body of India’s aboriginal tribes, are ethnically 
connected with them. 

These three principal tribal zones, although posses- 
sing some common elements, may be considered to 
be distinct from the points of view of race, language and 
culture. # 

To begin with, in the Southern Zone which is 
numerically the smallest, there is an undoubted Negrito 
strain, although at present greatly submerged, but 
still surviving among some of the more primitive and 
isolated of these tribes, such as for instance the Kadars 
of the Perambiculam hills of Cochin and the adjoining 
hills of Coimbatore and Travancore and the Irulas and 
Pauiyans of Wynaad among whom the presence of 
spirally curved hair has been found. In the majority of 
eases the skin colour is dark chocolate brown approaching 
black, and the nose is very flat and broad, and not in- 
frequently the lips are everted. Home amount of 
agglutinogen tests have been taken on these tribes, 
such as the Kanikars, the Banyans and the Chenchus, 
whic h disclose a greater percentage of A over B w ith 
high frequency of 0. 

The people of this zone are undoubtedly the most 
primitive of the aboriginal population of India. They 
have abandoned their original languages and now 
speak corrupt forms* of Tamil, Telugu, Malayali and 
Kanarese. The basis of their tribal life has centred 
round hunting and food gathering in a state of semi- 
nomadism. Agriculture was unknown in any form 
ami the Sole implements for digging roots and tubers 
were a bill-hook and digging stick. Weapons of any 


kind, even bows and arrows hardly existed and life 
depended on forest products, collection of honey and 
fruits of the chase. Fire was made by friction or by 
a drill, and originally they wore aprons made of leaves 
or grass skirts. The source of authority rested in the 
village headman w'ho adjudicated disputes and per- 
formed the rituals of the hunt. The structure of 
society was largely on a matriarchal basis and among 
tribes on the Western Coast there is evidence of Polyan- 
dry, w hich is most marked among the Nilgiri Hill 
tribes, who form a distinct corporate unit with the pas-" 
toral Toda as the centre. 

In tlu* Central Zone on the other hand, the Negrito 
strain is not marked. The tribes very largely conform 
to the* pattern of what are called “Australoid” charac- 
ters, such as dark skin colour, short stature, long head 
with marked development of the lower forehead 
and very sunken nose at the root. The nose is also 
fleshy and broad but the tip of the nose* is moderately 
high and then* is frequently a forward projection of 
the facial parts. Unlike, however, the typical Austra- 
lian, tlu* hair either on the face or the body is not profuse. 
Among these tribes in general there is a marked pre- 
ponderance of the blood giro up B and less of 0. 

Except in a fow r cases these tribes have retained 
their original languages belonging to the ‘Austrie’ 
family and to the branch which was first isolated by 
Frederich Muller in 1852 and named by him \Mundu\ 

Those languages are agglutinative with extraordi- 
nary development of suffixes and prefixes. There is 
no real verb and objects are not distinguished on their 
genders but according as they are animate or inanimate. 

The tribes living in the central belt are of a higher 
stage of culture. Instead of the typical food gatherers’ 
life, shifting cultivation is the prevalent form of food 
production. Among them the houses are more solidly 
built and life is more settled with considerable develop- 
ment of arts and crafts, such as basketry, wood carving 
and implements of different kinds. Communal life is 
better organized with village councils under a headman. 
Among the more advanced sections, such as the 
Hantals, there are in addition, a “l)ihri” or district 
council and a supreme council of the tribe known as 
the “Hunt Council”. The chief characteristic feature of 
their social life is the presence of bachelors’ dormitories 
or Dhumkaria, with either separate dormitories for boys 
and girls, or, as among the Muria of Bastar, the Ghotul, 
shared by both boys and girls together, of which my 
esteemed colleague, Dr. Verrier Elwin has recently 
published a remarkable account. 

Among these tribes, folk dancing and music are 
popular and there is a considerable development of 
poetry and song. 

Contact with the Indian people has been greatest 
among these tribes and there has undoubtedly been 
considerable infiltration of Indian ideas and religious 
rites. 
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With regard to the North-Eastern Zone, the tribes 
show characteristic Mongoloid characters. They are 
in general medium statured with brown to light brown 
skin colour and dark hair and eyes. The cheek hones 
arc prominent and the face flat. The nose is fairly 
long but flat and low and not sunken at the root. 
The forehead is smooth and there is hardly any deve- 
lopment of the superciliary ridges. The head is fairly 
broad but not flat at the back and shows the charac- 
• tcristics ?f the long-headed rather than brachycephalic 
races. What little agglutinogen tests have been taken, 
show that the blood groups A and B are present in 
fairly equal proportions indicating a pattern more in 
line with what wc know' of the Tibetan people. 

All these tribes speak languages belonging to the 
Tibeto-Burman branch of the Tibet-Chiuesc. family 
excepting the Khasi who speak a Monkhmer language 
of the Austric family. The languages of the North 
Assam tribes, such as those of the Aka, Dafia, Miri 
and Abor, show' however some influence of Indo-Aryan 
tongues, and that of the Abor which is being now' in- 
vestigated by the Department of Anthropology, both 
in the structure/ of the grammar and vocabulary. Jnd<»- 
Aryan influence seems to bo quite marked thus distin- 
guishing it from the Bodo and Naga group of langu- 
age's. 

In these groups of tribes, the people who constitute 
the inner ring and dwell principally on the Pent ml 
Massif, show a substratum of Megalith ie culture with 
pronounced development of matriarchy. Among the 
Dahlias, Mikirs and Kachans, evidence' of matriarchy 
still persists, but among the (faros and Khasis it exists 
in its full development and the position of women 
is at its highest. 

The groups living on the outer fringes have the 
entire organization of the tribal life built on the war 
basis, with villages built on high mountain spurs, sur- 
rounded by bamboo palisades or strong stone stockades 
and flanked by chutes. This is specially prominent 
among the Naga tribes, who unlike the North Assam 
tribes practise head-hunting. The houses are solidly 
built on piles and among the Nagas they are chiefly 
of a communal character. Shifting cultivation is chiefly 
resorted to, and Jhuming is practised on high mountain 
spurs among the North Assam tribes. Terracing has 
made rapid progress among the Nagas. There is a 
groat development of arts and crafts, and weaving is 
practised largely among the Abors and allied tribes, 
who also grow their own cotton, spin the thread and 
weave beautiful clothes including the well known Abor 
rugs. 

Like the Central Indian tribes, one of their character- 
istic features, is the part played by the bachelors’ dormi- 
tories in the village life of the tribe. They have separate 
dormitories for boys called ‘Moshup’ or ‘Morung* 
and ‘Rasheng’s for girls. These institutions organize 
and control the entire youth of the village and help 
to develop them as fully trained members of the tribe 
with a thorough acquaintance with the defensive and 


offensive organizations of the tribe. Art and Music and 
folk dances are highly developed and whose wonderful 
rhythm has to be seen to believe. They are physically 
strong, healthy and full of the joy and vigour of life with 
democratic councils and considerable stress on personal 
liberty of thought and action. They have child-like 
simplicity and very honest but not trained for sustained 
labour and concentration of mind. 

The philosophy of their religion is the belief that 
life matter can be transferred to living organisms and 
material substances deficient in vitality. This belief, 
as shown by Dr. Hutton, is at the bottom of the Naga 
custom of head hunting, which fortunately does not 
occur among the North Assam tribes, but is widely 
practised from Assam to Oceania. 

What is the place of these 20 million and odd aborigi- 
nal people in the Indian nation and what part are they 
going to play in its future life i 

In the past, in those parts of the W'orld where 
primitive tribes lived and later brought into contact 
with the civilized man, the results have not been very 
happy. They were conquered, dispossessed of their 
lands, their tribal life disintegrated and were either 
brought under servitude or partially exterminated. 
To give only the most striking examples, the once proud 
and war-like Red Indian tribes of North America, 
living in Tipis and hunting the bison on horseback, were 
reduced to about one quarter of their total estimated 
strength. The figures published by the Bureau of 
Census of the l T .S.A. show' a total reduction from the 
round figure of nine lacs of people in 1 8(>0 to 237,000 
in 1000! In Melanesia, Polynesia and New Zealand 
the situation was similar. In Australia the? fair' of 
the aboriginal population was even worse — they were 
virtually wiped out and are now r confined to a few' 
straggling bands in the central waste lands and deserts. 
From an estimated population of 7,000, the native 
Tasmanians were reduced to 120 persons in 1704, and 
sopn after 1804 the last of that race passed away leaving 
a sad commentary on the white man’s solicitude for 
the aboriginal ! 

In this country although no wholesale extermi- 
nation took place, they were mostly driven out to the 
hills and forests and partly absorbed. The wilder sec- 
tions of the tribes, however, living outside the limits of 
the contact zones, though not uninfluenced by Indian 
thoughts and ideas, were able to retain their tribal 
integrity undisturbed. With the British occupation and 
rapid opening up of the Country they came closely 
in contact with the civilized Indian, from whom, it is 
regrettable to say, they did not always receive a square 
deal. Several uprisings of the tribal people took place 
beginning from Mai Paharia rising in 1772, the mutiny 
of the Hos of Singbhum in 1831, the K bond uprising 
in 184(1, to the Santal rebellion of 1855. In like maimer 
a punitive expedition was sent to the Jaintia Hills in 
1774, and in 1833 the Confederacy of the Khasi Chiefs 
was defeated by the British army. Other expeditions 
were sent, such as those to Chin-Lushai Hills between 
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1850-1890, the Naga Hills expedition of 1878, the 
Abor expedition of 1912 and finally the column sent 
to 'the unadministered areas of the Naga Hills as late 
as J 936. 

The underlying causes of these uprisings were the 
deep dissatisfaction created among the tribal people 
against exploitation by their more advanced neigh- 
bours and resentment against violation of their 
native customs and rites. Following the measures 
taken principally in the U.S.A, after the initial stage 
of exploitation was over, to segregate the tribes into 
special areas of reservations to protect their lives 
and interests, the Government of India passed an Act 
in 1874 to specify the tribal areas into “Scheduled 
Tracts.” These areas were reconstituted under Section 
52- A of the Government of India Act of 1919, and 
finally in 1935 more stringent provisions for special 
treatment of tribal areas were incorporated by con- 
verting them into total and partially excluded areas. 

There is no doubt that these special measures 
gave the aboriginal tribes considerable amount of 
protection against exploitation and helped to allay 
their feeling of resentment and hostility to sudden 
and large scale encroachments on their land and dis- 
regard of their social and religious institutions. 

But it must be remembered that a negative policy 
of segregation, though essential in the early stages, 
is not enough. In this view, I know, I am going against 
the opinion of such experienced administrators as 
Hutton and Grigson, who spent many years of their 
lives among primitive tribes and whose knowledge about 
their customs and genuine love for them cannot be 
questioned. .For students of human civilization and 
history, however, it is impossible to advocate segregation 
as a lasting policy of administration. For complete 
isolation has never led to progress and advancement, 
but always to stagnation and death. In every part of 
the world such has been the ease. From the aborigines 
of Australia to the Aryan speaking Khalash and Kati 
tribes of the Ham bur and Bamboret Valleys of Chitral, 
it has been amply demonstrated that isolation can never 
lead to progress. On the other hand, civilization 
everywhere has been built up by the contact and inter- 
course of peoples which has been the chief motivating 
power bohind progress. 

There are innumerable instances of the borrowing 
of cultural traits by peoples of different countries, 
such as articles of food, use of metals, domestication of 
animals, methods of agriculture, spread of the alphabet 
.etc. So long as the borrowing is natural and in harmony 
with the cultural setting and psychological make-up 
of the people, it has been entirely beneficial and even 


added to the richness of the culture. The hill tribes of 
Assam for example, from times immemorial tilled 
their soil with digging stick and hoc and never learnt 
plough cultivation from the people of the plains. As 
soon however as terraced cultivation was introduced, 
it spread rapidly, for terracing not only suited the 
hilly nature of the country but it could bo performed 
with the implement# they were accustomed to. 

The danger, however, of contact lies when it is 
sudden and indiscriminate and tends to * upset the 
tribal life by forced measures on unwilling people, as 
the tragic history of the aboriginal peoples of Austra- 
lia, Melanesia and the U.S.A. has shown. It follows, 
therefore, that just as isolation cannot be the ultimate 
solution of the aboriginal problem, so cannot be indis- 
criminate and unregulated contact. A policy has to be 
devised which will ensure complete protection to tribal 
life and customs, but at the same time give the tribes 
an opportunity to be gradually integrated into* the 
larger life of the nation. Tn Australia and South Africa, 
where the white racial doctrine exists, isolation of the 
aboriginal people may be the policy of the Govern- 
ment, but such cannot be the ease in India where 
they form part and parcel of our life, it must however 
be remembered, that there can be no unitary pattern 
of national life with one mode of thought and living, 
to which every tribe must mould its life. The gorgeous- 
ness of tribal life with all its vitality, colour, joy and 
enjoyment, must find its place ifwearcto assimilate 
them among us. We must recognize other values of 
life which have for ages past given the aboriginals 
a healthy, vigorous life, and should not think of substi- 
tuting them for a life of emasculation and stagnation. 
On the other hand, the joy and merriment which now 
abound the hills, should be imbibed by us in our own 
life marked by asceticism and negation. High philo- 
sophy and moral principles can never take the place of 
simple, chaste and scrupulously honest life of these 
primitive folks. In a country imbued with the lofty 
ideals and humanism of Mahatma Gandhi, the abori- 
ginal population must receive a square deal from their 
more advanced countrymen, and greater understanding 
and sympathy for their mode of life and thought, so 
that they do not feel themselves as aliens, but as full 
citizens of the same country with their interests closely 
interwoven with the rest, for good or bad. The fos- 
tering of the growth of a common outlook and common 
interest should be the ideal for which both should 
strivo. In short, the administration of primitive tribes 
should be so planned that this purpose is served by 
helping to develop them on their own models and 
thought, and fitting them gradually as full and integral 
members of the country and participating like the rest 
in her joys and sorrows. 
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Beskin Problems 

For efficient working of such a plant there are 
many technical difficulties to be solved. The graphite 
and uranium shall have to be extremely pure, and 
shall have to be free from elements which swallow 
neutrons uiiproduetively such as boron; boron is so 
Widely spread that it is a serious problem to free uranium 
from it. The manufacture and fabrication into thin 
aluminium sheathed rods of uranium of the necessary 
super- quality is an extremely difficult metallurgical 
problem. For aluminium sheathing the temperature 
is limited by the safe stress it can withstand without 
creeping. The maximum exit gas temperature is of 
the order of 300 to 400 f1 (\ For high thermal efficien- 
cies, the sheaths have got to withstand higher tempera- 
ture. Further research is necessary and could only 
supply the material to replace aluminium for sheaths. 
The coolant or heat transfer medium also presents 
difficult problems in its selection. It must resist the 
intense neutron bombardment in the pile without 
reacting itself, otherwise it will lead to enormous radio- 
active element production which is least desirable. 
Heavy neutron absorption may lead to the stoppage 
of the chain reaction. The amount of coolant hence 
introduced should be as little as possible to minimise 
the presence of neutron absorbing materials inside 
the pile. The heat loads are again too high and the 
design of the cooling passages and arrangement of 
heating elements in the pile will involve advanced 
heat-transfer technique. The coolant should not 
be unduly corrosive and also should remain liquid 
at high temperature and at relatively low pressure. 
Since this medium becomes extremely radioactive 
while flowing through the pile, operating difficulties 
are less encountered at low pressure and high tempera- 
ture than handling such highly radioactive substance 
at high pressure and high temperature. 

This equipment will handle highly radioactive 
fiuid and therefore the whole heat transfer system 
must be enclosed within heavy shielding. In the event 
of any leak into the steam side of the heat exchanger 
the radioactive materials would contaminate the steam 
system, and a leak from the steam side into the radio- 
active side may disturb the very delicate operating 
conditions of the pile. 

Pumps for circulating coolant : The pumps have 
to handle radioactive fluid and therefore remote opera- 
tion is necessary. The design itself of the pump system 
is the normal one, either one stage or multiple pump 
stages, with stand-bys if tho main system fails. 

The high level of radiation and the high working 
temperature of the units cause thermal expansion pf 


the various parts and tolerances have to be proportion- 
ately made in the shield design. The shields them- 
selves might undergo thermal expansion, as the dissipa- 
tion of radiation would turn into heat. A number 
of holes are provided in the shielding, for process tubes, 
controls, and so on, and each of these holes must 
be properly shielded against leakage of radiation. 

Instrumentation : Instruments will have to be inst- 
alled to show power level, neutron intensity, and other 
major operating variables, and to indicate troubles, 
if any. The operating power level of the pile can 
be measured by an ionization chamber to measure 
the neutron flux, or by a thermometer to measure 
the heat developed. Indicators of this type have to 
be connected through relays to operate safety devices, 
such as rods containing a strong neutron absorber 
like boron; these rods may be driven quickly into 
the pile by springs or compressed air at any prefixed 
level of power. 

When the pile is working, there will be enormous 
or, /?, y and neutron radiation, and all these radiations 
will effect the human tissues. To assure that the 
workers are not absorbing radiation more than the 
‘Tolcrenee Dose’ each worker must be provided with 
health instrument, radiation meter and photographic 
Him in their uniforms. 

TABLE II 


Knolls Atomic Power Laboratory Maximum Permissible 


Daily 

Exposure Limits to Radiation 


Typo of Radiation 

Roentgens 

Rep 

Rem 

X-Ray 

0.1 

0.1 

0.1 

Gamma 

0.1 

0.1 

0.1 

Beta 

-- 

0.1 

0.1 

Fast neutrons 

— 

0.02 

0.1 

Thermal neutrons 

— 

0.02-0.10 

0.1 

Alpha* 

— 

0.1 

0.1 


* Considered from tho standpoint of internal effects only. 

The separation of plutonium from natural ura- 
nium is a difficult chemical engineering problem and 
lias to be carried out by remote control mechanisms. 
The process involved in remaking uranium after extrac- 
tion of fission products is shown in the flow sheet (Fig. 
7). The flow sheet further indicates the sequence 
of processes whereby energy of nuclear fission can be 
released and converted into electrical energy. T here 
are two kinds of atomic piles introduced in the flow 
sheet, primary piles running on uranium, and secondary 
piles using plutonium o* thorium synthesised in the 
primary pile. In the Selection of site for any power 
plant climate, maintenance facilities, availably of good 
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water supply, noil, transportation are important 
factors contributing to it, similarly a very important. 



ORAISIIOM 

CrHOM Pl.Htrk.CJ 

requirement, to operate a pile is, that, the site 
must he free from earth quake shocks and floods. The 
high original costs will heavily weigh against installa- 
tion to serve small or sporadic demands. 


ECONOMIC AsrEOT OF Nl 1 CLEAR POWER 

There is very little information at present which 
can be thrown upon the problem from the economical 
aspect, and the feasibility of the plant which are very 
important considerations for an engineer. While the 
British Engineers think, it is too early to guess and 
hint upon the economical aspect, the Americans who 
have made considerable progress in the field have given 
some ideas to that effect. The difficulty, however, 
is, that, whereas in some eases estimates have been 
made from datas which are, in the possession of Ameri- 
cans, and where none is available the calculations 
are based on assumptions highly controversial. 


in view of the future developments when many pro- 
blems which control the present day high cost will 
have been solved making the plant an economic pro- 
position. 

As mentioned, when 1 lb of U235 in an atomic 
pile undergoes nuclear fission the yields are estimated 
at about 10 million kWhrs of heat/ lb of U235 or Plu- 
tonium fissioned since about 200 million electron volts 
of energy are released in every fission. Fissile elements 
like plutonium from U238, and U233 from thorium, 
if it is assumed that of the three neutrons set free 
per fission one is going to continue the chain reaction 
and the other for conversion of U238 and thorium, 
yield about 1 lb of new fissile element for each lb of 
U235 burnt, and roughly one lb of new radioactive 
element. 

The effect of atomic energy on the cost of power 
can he examined by considering the present cost, of 
power and its variation with coal price and the anti- 
cipated cost of nuclear power. It will be convenient 
to consider the cost to the generating plant of the 

TABLE III 

Bus ha ft Cost of Coal-stkam Power Pi,a\t 
(Typical of better Plant) J944 

Cunts per kilo. watt-hour 


Load Load 

Factor- 0.5 Factor -1.0 


T. DIRECT COSTS 


(./) Fuel eoxt at mine 0. 12 -f 


i ran sport ami handling 

o.:t 

0.3 

(b) Labour 

o.or, 

O.Ofi 

(c) Maintenance and other supplies. 

0.04 

0.04 


0.39 

0.39 


(«) Overhead, administrative and 
general 

0.08 

0.03 

(b) Taxes (& Franchise costs) 

0.13 

0.085 

(c) Interest, 

0.08 

0.08 

(d) Depreciation (& reserves for 
obsolescence) 

0.08 

0.04 

(c) Insurance 

0.01 

0.005 


0.28 

0.18 

Total : Cents /kWh r. 

0.75 

0.57 


A hhu mpt ions : 

1. Plant investment = $ 120 per kW of capacity 

2. Thermal efficiency =0.26=s(l lb of conl/kWhr.) 

3. Coal price ■* $ 8/ton delivered 

4. Fixed cost total *=12% of plant investment 

5. Correction for power factor of 0. 9 has 1 een made. 


An estimate of Prof. J / R. Menke which is some- 
what reliable is summarised below. Here again the 
whole estimate should be taken as a first approximation 


electric .power produced ‘at bus-bars’ which means 
the cost of generating station, both fixed and direct. 
The costs of transmission, distribution and consumer 
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relations are not considered; these latter categories ■which lies between the hydro-electric and fuel-plant 
represent about 2/3 of the domestic consumers bill. costs as shown below : 


Datas available to compare the cost of electric 
powtr at the bus-bar indicate that the coal-steam 
electric power costs from 0.4 to 1.5 cents per kWhr 
in representative thermal plants in the U.S.A., and, 
hydro-electric power systems from 0.4 to 0.05 cents 
per kWhr. Sales revenues for both systems in United 
States for 1040-44 averaged between 1.7 and 1.5 cents 
per kWhr. " The difference is represented mostly by 
the distribution costs. Large consumers pay very 
little, more than the bus-bar costs for power. The 
table below represents values for an efficient (thermal) 
plant running at a higher- than average load factor. 
The national average for thermal efficiency was 0.21 
in 1040, and 044 for load factor in the same year. 
These values wt re chosen in order to compare the 
better present practice with new development. 

Thus for 0.5 Load factor fuel represents 40% of 
the total bus- bar cost and for the same plant at (unity) 
Load factor fuel represents 50% of the total. Fuel 
costs may vary from $4 to $12 per ton depending 
on the remoteness of localities from sources. r l he 
effect of different- (oal price on power is as follows : 

TABLE IV 

Cost or Power in cents rmt kilo-watt-hour 

WITH DIFFERENT COAL I’ RICKS 


("oal price Load factor «~0. 5 Load factor- -1.0 


$ 4 per ton 

0.(55 

0.47 

m (5 „ 

0.75 

0.57 

» » 8 >» 

0.85 

0.07 

„ 10 „ 

0.95 

0.77 

„ 12 „ 

1.05 

0.87 


TABLE V 


Hough comparison of Bower Costs 


oents/kWhr, 


1. Hydro 0.4—0.05 

2. N uf lour (first approximation) 0 . 5— 0 . 3 

3 . ( 'Oul steam 0.4- 1.5 


Let us examine a breakdown of pnbable <<sts 
of a plant of 100,0<>0kW. It is assumed that the fuel 
costs will occur only as fixed charges < n the oiigira! 
investment. 


TABLE VI 

Cost of Nuclear* Fuel 


Concent ration Pounds of metal in C.S. Cost/tb of metal. 


1 .0% ami higher 

1(P 

— 

0.1% 

10* 

$ 5 

0.01% 

10* 

$ 50 

0.001% 

10«« 

$ 500 


The cost of all purification and rtpioeming 
is estimated at 0.1 cent/kWhr in an arhitiaiy manner. 
Ihc cost of all equipment except the pile itself might 
be estimated from data on the cost of si cum- electric 
plants. On the same basis as before, en $ 120 per 
kW capacity, and remembering that the expense of 
the furnace is saved, (about 25% of total plant up 
to the bus- bar) then for such a plant we have 0.75 
X$ 120/kW - $90/kW. 


N.B. The calculation has been baser! using tho same 
assumption as in table I. 

From the similarity of the use of heat, from the 
pile and from the coal furnace, estimation of the cost 
of operation and maintenance of that part of the pile 
system based on published data on steam power plants 
is computed. 

Nuclear Power Cost 

For calculating the lower limit to the cost of pile 
pow’er, to make a first approximation it is assumed, 

(a) The pile replenishes itself; 

(ft) Purification cost is negligible, t\e., fuel cost 
is zero; 

(c) Capital and other operating costs are similar 
to those of the thermal plants, 

the total power cost will be reduced by a figure value 


It is difficult to estimate the cost of the pile with 
its present-day fissile charge. While the cost of pre- 
sent day piles is much higher, in a study entitled “Nu- 
clear Energy Potentialities” by Wagner and Hutc- 
heson of the Wcstinghouse Electric Ooiporation, they 
give two estimates to indicate the probable range 
$(50 per kW and $120 per kW respectively. Taking 
the more conservative figure, investment of about 
$ 120 + $90 — $210 per kW of electric capacity. Then 
the fixed charge cost per kWTir can be estimated by 
using tho overall fixed percentage developed previously, 
about 12%. 

To this fixed cost may be added an allowance for 
labour and maintenance similar to that given previously 
equal to about 0.09 cent per kWhr, so that tho total 
estimated cost comes as shown in table VJL 

It will be noted that almost one-half of the total 
cost is represented by fixed costs on fissile materials. 
As this investment cost becomes less and less, owing 
to improvements in the ^synthesizing and separating 
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process, this item in the power cost will be reduced, 
and a figure of 0.3 conts/kWhr might bo achieved 
in near future. 

TABLE VII 

Nuclear Power cost 
(Near future, say 5-10 years) 

Cenfcs/kWhr. 

Load factor =0.5 Load fat* tor — 1 . 0 


1. DIRECT COSTS 


Labour, maintenance 

0.09 

0.09 

Reprocessing costs 

0.10 

0.10 

II. FIXED COSTS 

Fissionable materials 

in Pile 

0.34 

0.17 

Auxiliary and secondary 

machinery 

0.24 

0.12 

Total ■ 

0.77 

0.48 


Effect of the fission fragments yielded from Nuclear 
reaction in the pile upon the cost of Nuclear Power 
cannot be asserted at the present moment. If, for 
instance, the problem of photosynthesis of organics 
can be solved with radio tracers as tools of reasearch, 
then the available amount of food and energy can be 
increased enormously while these radio-elements have 
enormous usefulness as research tools in many other 
fields, as it is not likely that they will quickly become 
products of economic importance in themselves. 

Effect of production of ncw r fissile elements in the 
atomic pile upon the cost of Nuclear Power has a good 
bearing since the availability of Nuclear fuel is ex- 
tremely limited. 

Advantages of Nuclear Power 
over Steam or Hydro 

It appears unlikely that uranium will substitute 
coal; coal will still retain its importance as a fuel for 
large-scale industrial use. But, the enormous con- 
venience of handling such a conentrated fuel cannot 
be but over-emphasised. Localities remote from 
water power and cheap coal can be supplied with 
power. The emancipation from the problem of trans- 
porting fuels in bulk is tempting enough for pile inst- 
allations. 


One British scientist- engineer thinks if a large 
air port near the north pole can be opened it would 
shorten enormously many important air-routes; another * 
Mexican scientist thinks that in places where thousands 
of acres of agricultural land are lying untilled on one 
side of a steep cliff, and on the other side of the cliff 
lies vast resources of water. Only a pump is required 
to turn the barren fields into rich green fertile lands. 
Since steam or hydro-electric power is not within 
easy reach, if use of atomic energy as a source of power 
becomes an economic proposition, those 'parts will 
swim in plenty of green crops. Any way there arc 
prospects for atomic power if its generation becomes 
economic. Industries will flourish in places where 
there are raw materials but no source of generating 
natural power is available. 

Advances made so far 

These atomic power plants are now 7 under opera- 
tion, at Oak Ridge, Tenn., Chicago, Illinois, and Sche- 
nectady, N.Y., and, according to Dr. Condon, Director 
of the National Bureau of Standards, it should be pos- 
sible to realise experimental production of power within 
a year or two. Major atomic energy problems are 
being carried out in U.S.A. at a number of plates. 

Tn Britain, the first atomic pile OLEEP (Graphite 
Low Energy Experimental Pile) was completed in 
August 1947. It develops 100 kW. of nuclear energy. 
The second pile BEPO (British Experimental Pile) 
was started on July 3, 1948. It develops 0000 kW. 
nuclear energy. Production of pure graphite, uranium, 
and fabricated aluminium-encased uranium rods have 
also been developed. At a number of other places 
various other atomic energy problems are investigated. 

Very little information has been made public 
about atomic developments in Russia. A large number 
of scientific personnel is engaged in this research in the 
Academy of Sciences, but no information is disclosed. 
In 1942 A. E. Brodsky separated U235 by thermal 
diffusion at the Dnieperpetrovsk Power Plant, but 
concluded that the power consumed in the process 
rendered this process impossible. They claim that 
the process of* atomic fission is no more a secret to 
them. 

France, Switzerland and Sweden are also carrying 
out work on this problem in a very modest w r ay. 
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INDIAN PHARMACOPOEIA 


TTHE Indian Pharmacopoeia List was first published in 
* 1946, and it will be revised soon. It is very dis- 
appointing to say that it is a poor compilation from the 
existing sources. The methods of assay of drugs in most 
cases were unfortunately not standardized by the 
Drugs Technical Advisory Board, and in some cases 
the methods do not lead to definite conclusions. A 
cursory glance through the pages has revealed plenty 
of discrepancies, which are worth noticing. It is ex- 
pected that these will be removed in the revised edition 
of the Pharmacopoeia. 

To cite a few examples; on page 9, for the assay 
of areca nut, in the fifth line, “Allow to settle and decant 
the ether into another flask. Wash with ether ” What 
shall we wash with ether? This part is ambiguous, 
and needs to be rewritten. In the eighth line again, 
“Decant 50 ml. of the ether.” Obviously an analyst 
will ask what is the 50 ml. ether solution equivalent 
to ? We mean how many grams of areca? 

On page 11, the assay of Artemisia is described. 
There in the twentyfourth line, “to the weight found 
add 0.04 gm. for the santonin dissolved in the dilute 
alcohol multiply the total by 10 to obtain the percentage, 
of santonin ” The part of the sentence in italics 
conveys no meaning at all. The Chopra Committee has 
unfortunately overlooked the simple rule of solution; 
the volume of the solvent, the temperature and the 
strength of the solvent viz., the percentage of alcohol 
in the dilute alcohol need must be mentioned, otherwise 
adding 0.04 gm. is absolutely meaningless. 

On page 16, the fourth line of the assay of Berberis, 
“Precipitate 30 ml. of the ethereal extract (equivalent 
to 1 gm, of the bark) with 5 ml. of a solution of picrolo- 
nic acid, dry and weigh” The strength of the picro- 
lonic acid solution has not been mentioned. And 
should one dry and weigh the whole solution? The 
original method described by Kipert (1914) states that 
the precipitate of picrolonate was filtered and well 
washed with ether to remove excess of pierolonic acid 
and then dried and finally weighed. It seems that 
the Chopra Committee did not care to go through 
the pages of the Pharmacopoeia before its publication. 

Page 83, “Dissolve one drop (of oil of cassia) in 
5 ml. of alcohol (90 percent) and one drop of solution of 
ferric chloride; a blue or deep brown colour is pro- 
duced.” 

Conforms with the requirements of the test for heavy 
metals in volatile oils” These sentences give us the 
tests for identity and purity of the oil of cassia. The 
sentence in italics is rather abrupt and conveys no 
sense. 

Tests for Purity again on page 91. These are for 
shark liver oil. They read like this: 

3 


“Acid value not greater than 2. Saponification 
value not greater than 200 etc.” If the least limiting 
values are not mentioned, the standard of purity can 
not be set from the above data. 

An unqualified statement on page 101, “By treating 
1 ml. of standard copper sulphate solution in 15 ml. of 
water.” Unless the strength of the standard solution 
is given, it is absolutely meaningless. 

The molecular weight of 5-chloro-7- iodo-8-hydroxy- 
quinoline, C 9 H 4 N.(OH). I. Cl. is never 269.4, as has 
been mentioned on page 107 but is always 305.5. 
Now for the calculation for iodine and chlorine contents 
of the above compound, a simpler method may be 
suggested for the existing unintelligible one, on page 
108. Let x be the weight of silver iodide, (w-x) the 
weight of silver chloride, and W, the weight of the 
sample of 5-chloro-7-iodo-8-hydroxy-quinoline taken. 

1 gm. of Agl = .5404 gm. iodine. 

x x. 5404x100 

p.c. of iodine in the sample = 

W 

Since 1 gin. of AgCl— .2474 gm. chlorine 

(w~ x) x .2474 x 100 

.*. p.c. of chlorine in the sample ~ 

W 

Page 122 deals with an important substance, thyroid, 
the assay is given in best of details, and it is a lino 
by line copy of the assay method given in B.P. ! Un- 
fortunately the Indian Pharmacopoeia has dropped 
an important line, after “Cool to about 20°, (Vide the 
thirteenth line from top in the Indian Pharmacopoeia, 
on page 123), which reads thus in B.P. “Add 0.2 ml. 
of a 25 per cent w/v solution of phenol in glacial acetic 
acid.” A sad failure indeed, to copy the method even 
correctly ! 

The Indian Pharmacist (December 1948) has 
already remarked on the recent formation of the Indian 
Pharmacopoeia Committee, “The procedure followed 
in the constitution of the above Committee has neither 
been democratic after the United States pattern nor 
semi-democratic as per the U.K. model.” According 
to the Indian Pharmacist , “the Committee appointed 
by the Government is manned mostly by administrators 
and no attempt has been made to make it a representa- 
tive body or to include persons with special know ledge 
of various subjects. By following the undemocratic 
method, the Ministry of Health has exposed itself to 
the charge of favouritism and patronage.” If the above 
statement of the Indian Pharmacist is not without 
foundation, the reason for all these grave omission and 
commission in the Indian Pharmacopoeia , is not far 
to seek. * 
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It is deplorable that mistakes which could have 
been easily removed if one would care to go through 
old literature a little more closely, have also crept 
in the ' book which led eventually to the compilation 
of Indian Pharmacopoeia. We mean Chopra’s Indi- 
genous Drugs of India, published in 1933. To mention 
one or two wrong information on botanical matters; 
Chopra writes on page 67, “Not only plants (A tropa 
belladonna) in all stages of growth have been collected 
but a variety known as lutescens with a Iww alkaloid 
content has frequently been substituted. A large portion 
of the wild Indian belladonna exported to England 
of late years, consists of the lutescens variety” if the 
author would have cared to look up the Journal of the 
Linnaean Society (1881), 38, page 82, where Aitchison 
used the name A. lutescens of Jacquemont for iho 
Indian species of A. belladonna, which of course now- 
adays is called A. belladonna var. acuminata it. 
Chatterjee et J. K. Lahiri. Even if ho w ould not havo 
gone for the Journal, he w r ould have oven got the sarno 
information from the standard book of reference on 
Indian botany, Hooker’s Flora of British India, 1885, 
Vol. 4, page 241, where Clarke mentioned A. lutescens 
Jacquemont and A . acuminata Boyle, were synonyms 
for A. belladonna Linn., the Indian belladonna. So we 
must say that Chopra’s statement quoted above is 
erroneous. 

Again for the nomenclature of the so called Datura 
fastuosa (page 128), he has given all antiquated infor- 
mation which are no longer in use. Maries (I860) 
had remarked that there is no such thing as D. metel 
as distinguished from D. fastuosa in the herbarium 
collection in India. Cooke (1908) did not recognise 
D. fastuosa var. alba, and reduced it to 1). fastuosa. 
Watt (1890) mentioned that D. metel could with diffi- 
culty be distinguished from D. fastuosa, and Prain was 
also of the same opinion. In short D. fastuosa is called 


D. metel and the so-called black and white varieties 
of D. fastuosa are not recognised. Still Chopra per- 
sists in calling it D. fastuosa, when Safford as early 
as 1921 accepted the name D. metel of Linnaeus 
for the variable Indian plant, and reduced D. fastuosa 
to the rank of synonym under the name of D. metel . 

Chopra calls the Indian Podophyllum (page 228), 
as P. emodi, and on the table on page 230, refers to the 
resin content of Podophyllum from different districts 
of North India. Does lie know that the Pddophylluin 
of Northern India was called by Boyle as P. hexandrum 
and the British Pharmacopoeia also calls it P. hexan- 
drum Boyle '( If Chopra would have compared the 
species of Podophyllum collected from Nepal (the 
true P. emodi) by Wallich with that from Kashmir and 
other parts of North India, he w r ould have observed the 
morphological differences and would have corrected 
his statement. 

Of the berberine- containing plants (page 294) 
Chopra mentions one Berberis nepalensis. We wonder 
why he has not corrected the old name and put the more 
recent name Mahonia acanthi folia or the like. Consi- 
dering the range of localities where the plant grows, 
it has changed its morphological characters considerably 
to call it a single species. For instance in the Assam 
side, five species of Mahonia grow , in the Nilgiri, only 
one, M . Leschcnaultii , in the Dehra Dun side M . borealis 
and so on. Such a sweeping statement as, “It (B. 
nepalensis) grow's commonly on the outer Himalayas, 
from the Ravi eastward to Khasia and the Naga Hills 
and also in the Nilgiris — ”, is not in keeping with an 
authoritative book of an illustrious writer. These 
findings on Mahonia were published by Takcda (1911- 
17), and Chopra’s book was published in 1933! 

jr . a. a 
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TITANIUM IN TRAVANCORE 
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TBIVANDHUM, SOUTH INDIA 


THOUGH Titanium was discovered by Gregor as 
* early as 1798, for many years this element was 
considered rare. This was because it occurs in nature 
almost always in tenacious combination with other 
elements, chiefly iron and its separation and purification 
is comparatively difficult. The metal and its com- 
pounds have, however, been studied in recent years and 
it is now estimated that Titanium is more plentiful in 
the earth’s crust than nickel, copper or zinc. 

The idea of using titanium-di-oxide as a pigment 
was first suggested by Dr. A. J. Rossi, a French scien- 
tist in the early nineties of the last century. Today 
Titanium-di-oxide is one of the whitest substances 
known, reputed for its great brilliance, opacity and 
durability. 

The Titanium industry recorded rapid development 
between 1930 and 1940. The chief commercial sources 
of Titanium areilmenite and rutile, the greatest demand 
on the industry coming from the pigment trade. In 
1930 the* United 8tates of America, the leading con- 
sumer, imported a little over 20,000 short tons of tita- 
nium minerals ; in ten years’ time this had increased to 
over 200,000 tons, the principal supplies of which came 
from Travancore. The first trial consignment of ilme- 
nite was shipped by Travancore Minerals Company in 
1922 and the peak year was 1940. Further continued 
expansion in the production and export of ilmenite, 
however, was arrested by circumstances created by 
the World War 11, such as paucity of shipping space 
and the introduction of priority schedules. 

Ilmenite is an iron-black mineral wdth a sub-metal- 
lic lustre, essentially a ferrous titanate but of variable 
composition, ferric oxide often partly replacing the 
titanium di-oxide. The composition of ilmenite is 
further complicated by inter-crystalline growth of 
ilmenite and magnetite. The percentage content of 
titanium di-oxide averaged by ilmenite from the vari- 
ous sources of the World are : 


Norway 42 to 43 

Brazil 52 to 53 

Roseland, Va, U.S.A. 64 

Piny River, Va, U.S.A. 48 to 50 

Mao Intyro, N.Y., U.S.A. 46 


as compared to Manavalakurielii, Travancore, 54 and 
Neendakara, Travancore 59 to 60. The production of 
ilmenite from the richer beds of Neendakara commenc- 
ed about ten years after ilmenite was first worked 
at Manavalakurichi. As a result of the continued 
demand for the richer variety the production at 
Manavalakurichi gradually dwindled and finally 

stopped. 

T}ie composition of typical beach deposits worked 


for the production of ilmenite may approximately be 
given as follows : — 



Manavalakurichi 

0/ 

Neendakara 

0/ 

Ilmenite 

to 

75 to 80 

to 

round 80 

Zircon 

4 to a 

4 to 6 

Sillimanito 

2 to 4 

3 to 5 

Rutile 

3 to 5 

4 to 6 

Garnet 

3 to 5 

less thah } 

Silica 

5 to 7 

4 to 5 

Monazite 

round 1 

i to 1 


Other minorals of the order of 0.1 percent or less. 


The deposits are therefore a mixture of mineral 
sands varying in specific gravity from that of silica, 
2.3 to that of monazite, 4.9. # These minerals were 
originally disseminated in the body of the igneous 
rocks of the hinterlands and the Ghats. The rocks 
are subjected to the continuous pounding and leaching 
action of all the forces of nature ; in certain regions 
these rocks have yielded laterites and laterite clay as 
typified in the red hills of Muttam ; in certain others 
the rocks have been altered into sandstones as seen at 
Varkala. But in all this metamorphosis, the unaffected 
minerals released from the rocks find their way to the 
lowlands and finally to the sea coast carried by monsoon 
torrents. The difficult task of crushing, milling and 
classification has therefore been accomplished by the 
perennial w ork of nature and the sorting action of the 
tides and waves of the sea. The deposits are the conti- 
nued accumulation of minerals of homogeneous identity 
and more or Jess of uniform grain size, ready to be fed 
to a dressing plant. 

Ilmenite is separated by magnetic concentration. 
The sun-dried mined material is first run through a 
30-mesh vibrating screen to remove limeshclls and other 
trash. The material passing through the screen is fed 
to the hoppers of electromagnetic separators of the 4 lift/ 
type, of which the WhetherilJ machine is a standard 
example. In this machine the sand is carried in a thin 
layer with moderate speed on a wide belt which passes 
successively through four magnetic fields at each of 
which cross belts running perpendicular to the feed belt 
pick up the ilmenite and discharge it into bins wtienco it 
is collected and bagged. Two important factors govern 
this process of concentration. One — minimum entrain- 
ment or picking up of impurities along with ilmenite; 
and two — maximum recovery of ilmenite from the 
feeds consistent with its purity. After studying the 
properties of Travancore ilmenite and the impurites 
from w hich it has to be separated, Messrs. Travancore 
Minerals Company have evolved the ‘Deflift* Electro- 
magnetic Separator, * a number of which have been 
constructed by them using local materials and employ- 
ing local labour. By careful adjustments and control 
it is possible to recover 60 per cent of the ilmenite 
contained in the feeds, in one operation. 

* Patent registered in travancore. 
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Tho composition of ilmenite concentrated in this 
manner is given below : — 

Manavaiakurichi NecnJaJcara 
a/ ot 

/o vO 

Ilmenito 01 to 93 round 08 

Zircon 1 to 2 round 1 

Hiilimanite less than J loss than J 

Garnet 3 to 5 less than $ 

Rutile about J less than j 

Silica less than $ loss than 4 

Monasite round 4 round J 

Owing to the incidence of higher percentage of 
garnet in the Manavaiakurichi sands magnetic con- 
centration alone is not sufficient for the production of 
shippablc grades of ilmenite, The magnetic concen- 
trate has to be treated further on gravity tables to 
reduce the content of garnet to well below 2 per cent. 
Such a second treatment is unnecessary with Neenda- 
kara sands. This aspect of the concentration is another 
advantage in favour of the Neendakara variety. 

The recovery of the residual ilmenite forms part 
of the process of the concentration and production of 
the other minerals namely, zircon, rutile, sillimanite 
and monazite. 

Rutile, the other important source of Titanium, 
is also usually black like ilmenite but sometimes occurs 
in various shades of brown, orange and red. It is the 
natural form of titanium-di-oxide, the other forms 
being Brookite and Anataso. Rutile is much rarer 
than ilmenite and more difficult to concentrate. 

The production of rutile in Travancore commenced 
only in recent years. The first concentrates of this 
mineral were produced by Travancore Minerals Company 
by what was very aptly described as ‘bow-and -arrow’ 
methods. Rutile is very feebly magnetic. When 
a mixture of the sands containing a fairly high pcrcen- 
age of rutile — say 40% — is run through a High intensity 
Deflector of the Induced roll type, a very small frac- 
tion of the rutile passes into the magnetic fraction. 
But this process proved to be too laborious to be 
economic. Small consignments of the order of 3 
and 5 tons, however, were made ready by this method 
after many weeks’ laborious work. 

In 1038 Travancore Minerals Company installed 
their pilot plant for the production of rutile by Elec- 
trostatic concentration. The ebonite rod, eatskin and 
the pitb balls commonly demonstrated in popular 
experiments in static electricity are now getting down 
to serious business. The principle underlying this 
process of separation is the difference in the electrical 
conductivity of the materials which are to be sorted 
out. A well sized feed is dropped in the form of a thin 
stream over a metallic roller, acting as a grounded 
electrode, in the field of a charged metal rod or neon 
gas tube. The particles become inductively charged, 
the more conductive material being repelled away from 
the falling stream due to its receiving a like charge of the 
electrode. The concentration of rutile is accomplished 
in several treatments and tlm method, though far from 


perfect, is so far the most successful method of producing 
rutile. 

Great fillip was given to the production of rutile 
during the war years of 1940 to 1943 and Travancore 
was an important source of a reliably uniform grade of 
rutile. A great demand arose for rutile for the manu- 
facture of arc-welding electrodes, unlimited supplies 
of which were needed in the building of ships, tanks 
and other weapons of war. In the field of structural 
engineering of steel arc-welding has in rpcent years 
displaced a great deal the time honoured process of 
riveting. Post-war years, however, have seen a dull 
in the demand for rutile, apparently because of tho 
stocks strategically accumulated during the war years. 
Other producers of rutile are Australia, Brazil and the 
United States of America. 

Pure Titanium metal is of silver grey colour and 
melts at 1800°C. It has a very great affinity for oxygen, 
carbon and nitrogen and is therefore difficult to pre- 
pare pure. The metal has possible applications in such 
fields as aviation, automotive industry, maufaeture 
of titanium alloys for cutting tools arid (lies and other 
special equipment calling for extreme hardness, high 
strength, light weight and acid resistance. The chief 
commercial ore, ilmenite is used for the extraction of 
titanium -di-oxide, most of which is consumed in the 
pigment trade for the manufacture of white and light 
coloured paints. It is also used in the making of paper, 
white rubber, leather, linoleum, ceramics and cosmetics. 
Thin newsprint impregnated with titania imparts 
to it the most desirable properties of great opacity 
and lightness. Superior covering power and brilliance 
coupled with its non-toxic character places titanium 
pigments on a distinctly superior class both from the 
viewpoint of manufacture and its general use. 

Relatively smaller amounts of titanium are used 
up in the manufacture of the metal and alloys. Tita- 
nium tetrachloride is used in the purification of alu- 
minium alloys, in skywriting and as an ingredient of 
smoke screens. An alloy of copper and titanium is 
used to purify copper castings to which it imparts a 
closcgrain structure free form blast holes. Other 
minor uses are in the delustcring of rayon, tinting 
of artificial teeth and as mordants in thedyeingindustry. 
In fact it is very strange but true that some whitest 
of products are produced from the blackest of minerals. 

The largest producer of ilmenite in the United 
States of America today is the MacIntyre Works in 
the Adirondack mountains of New York District. The 
ore is mined by blasting ; and is crushed, milled and 
sized before being fed to Wet Magnetic Separators. 
Workable concentrates of iron ore and ilmenite of fairly 
high Ti0 2 content are produced. This Mill is reported 
to have treated 1,300,000 short tons of ore in 1943 
which yielded 170,000 tons of ilmenite. In 1944 this 
ilmenite production increased to 220,000 tons and in 
1945 it was 270,000 tons. The Adirondack ore is ilme- 
nite intermixed with vanadium-bearing magnetite, 
from which all the three metals are recovered. Though 
highgrade iron ore is reported to be available in oonsi- 
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derable tonnages in several parts of the United States 
and Canada, the iron and the titanium minerals are 
so intimately interlocked that they cannot be separated 
by any known means of ore-dressing. Iron ore contain- 
ing over a critical percentage of titanium cannot be 
successfully smelted in the blast furnace. Extensive 
research is now being carried out in the United States 
of America for evolving a method of working out such 
deposits to yield both iron and titanium. 
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Other producers of ilmenite are Norway, Senegal, 
the Malay Peninsula and Australia. In Japan rich 
concentrates of titaniferous magnetite sands, capable 
of yielding ilmenite giving HO to 65 per cent Ti0 2 arc 
estimated at 10,000,000,000 tons ; Ilmenite reserves 
of Russia in the Ilmenite Mountains are said to be about 
400,000,000 tons. 

The reserves of Travancoro sands containing 
titanium have not been accurately assessed so far. 
This is a difficult task as the deposits are very widely 
distributed. The beaches ofManvalakurichi where mining 
was confined to a small length do not appear to have 
been seriously depleted of the black sands ; the beach 
deposits and the neighbouring dunes situated between 
the Neendakara and Kayankulam bars may be expected 
to hold at a conservative estimate 20,000,000 tons of 
mineral-bearing sands. 



A close examination of the extent of tlje mineral 
sands in relation to the geographical features* of -the 
Neendakara region leads to a reasonable deduction 
that the minerals on the sea beach may have 
overflown the lake beds by the powerful action of 
the tides and the prevailing undercurrents. The lake 
beds themselves have been a repository of minerals 
which have been brought down by the sedimentary 
action of streams and rivers particularly by the Kallada 
river. Tt seems probable that the minerals collected at 
the lake bottoms are masked by the regular deposition 
of clay and silt — not to speak of submarine growths 
— also drained by the same natural agencies. A careful 
investigation of the lake beds therefore may open up 
new reserves of minerals and perhaps even yield a 
different family of heavier mineralsf which might have 
defied the migratory action of the tides. The sea beds 
adjoining the beaches rich in minerals, may also con- 
tain appreciable quantities of minerals. This is because 
during the months of heavy ‘swells the deposits of 
black sands on the beach have been observed to in- 
crease in thickness without any sensible shift of the 
water line. The sea, at such times, would be so turbu- 
lent as to hold almost all silica in continuous suspen- 
sion. Other possible sources of mineral sands are sea 
beaches adjoining river mouths. 

It w r ould be very interesting indeed to investigate 
the disappearance of black sands north of Kayankulam 
bar. The perennial waters draining the hinterlands 
and Ghats by the natural agencies of streams and river 
particularly the Parnpa river and its tributaries do not 
get an immediate outlet into the sea in this part of 
Travancoro. Any minerals collected and drained by 
these agencies therefore would be thrown into the beds 
of the Vembanad Jakes and lie perhaps hidden in the 
conglomerous mass of silt clay and shells. The Kallada 
river and the Atchankoil river drain similar regions of 
the Ghats ; when we find the Kallada river mouth in 
the Ashtanmdi lakes yielding such vast deposits of 
minerals, is it unreasonable to expect that the rivers 
discharging their contents into the Vembanad lakes, 
also might have carried down their own charge of a 
similar variety ? 

A few r years ago the Cochin Government made 
announcement regarding the ilmenite deposits in that 
State w hich were said to contain 98 per cent ilmenite 
( The Hindu 12 , 2, 1944) analysing about 20 per cent 
Ti() 2 . An examination and study of sands sampled from 
a fairly good length of the beach revealed that the 
ilmenite was contaminated w ith an almost equal amount 
of black hornblende, hardly distinguishable from ilme- 
nite. The Cochin sands were also noticed to contain a 
small percentage of magnetite not usually present in 
Travancore sands. Following the analogy of the Tra- 
vancore deposits, the Cochin sands were apparently 
derived from sources of a different type. The deposits 

♦Science &, Cui/rtTRE, 12 , 22, 1946. 

fTraee of Boddelerjite and Thorianite have been found in 
the beach. * 
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may havejbcen built up by the sedimentary action of 
the-Periyar and its tributaries. Both hornblende and 
magnetite were observed to be in the black sands collec- 
ted from the bed of this river. Certain local residents 
stated that iron used to be smelted by crude indigenous 
methods from a variety of magnetite obtained from the 
nearby mountains. 

Monazite which is present in certain regions of 


the beach owing to its high content of Thorium has 
attained a very unique status as a strategic mineral 
as a potential source of Atomic energy. It may there- 
fore be taken for granted that the authorities concerned 
would lose no time in undertaking a systematic investi- 
gation of the reserves of this precious mineral in India, 
particularly in Travancore, when a more systematic 
knowledge of the Titanium minerals also may be 
secured. 


USE OF POTATO CHIPS, EYES, AND SPROUTS AS SEED 
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A LTHOUGII it was common knowledge that propa- 

gation of potatoes from small pieces of a whole 
tuber was possible under suitable conditions, its practi- 
cal utilization was first taken up in the IT.H.S.R. 
during the World War II. War conditions made it 
necessary to increase the area under potatoes in the 
U.8.S.U. because they furnish more food and industrial 
raw material per acre than any other crop. The supplies 
of seed, however, were insufficient to allow much ex- 
pansion. The shortage? was overcome by using potato 
tops (a small piece with an eye cut from the rose end 
of the tuber, the piece being nearly l/10th in size of the 
whole tuber) as seed and using the remaining portion 
(nearly 5)0%) lor food or processing purposes. The 
method was elaborated by Prof. Lysenko and his 
coworkers at the Lcniri All Union Agricultural Academy 
(Anon, 1942). In 1942 a total of nearly 3, SO, 000 acres 
were reported to have been planted with tops in various 
parts of the South-east and Centre of the U.S.S.R. 
and the yields from the tops w'ere not inferior to those 
of potatoes planted in the usual way, and in regions 
where ring rot is prevalent plants grown from tops 
w ere reported to be less liable to the disease than those 
from the seed. The idea was carried still further by 
Prof. Yakushkin of the Timiryazev Agricultural 
Academy, Moscow, who planted an eye itself with 
a small piece of flesh attached and obtained encouraging 
results (Gamer, 1943). 

Subsequently this line of work was undertaken 
elsewhere with a view r to evaluating the suitability 
of this new* method. Evans (1943) in England found 
that whereas tops (]*in diameter, 1/14" in thickness at 
the thickest part, planted 12” apart in rows 2'- 6" apart 
and at a depth of 2" to 3' in the soil) yielded 526 lb. 
of tubers from 1 /60th of an acre, the whole tubers 
yielded 613$ lb. under similar conditions. He cal- 
culated that only 3 cwt. (nearly 4 md.) of tops would 
be required to plant 1 acre against 13 cwt. (17-18 md.) 
of whole tubers. Oopisarow (1943) reported that 288 
tops (each of diameter, $ oz. in weight, planted in 
boxes) from 24 lb. of potatoes gave 804 tubers weighing 
172 lb., each plant yielding nearly 10 oz. Pal and Desh- 


mukh (1944) conducted experiments in India. They 
found that whereas 100 plants raised from whole tuber 
of Phvhva (each tuber approximately weighing 21.45 
gm.) yielded 51.5 lb., 100 plants raised from tops (each 
weighing 4.2 gm.) yielded 33.4 lb., 100 plants raised from 
‘eyes’, on the other hand, yielded only 18.7 lb. As a 
result of these preliminary observations it was thought 
possible to improve the yields from tops under suitable 
spacing and manuring. Accordingly an experiment 
initiated (Pal and l)eshmukh, unpublished work) in 
1944-45 with 3 spacing (J$'x6*, l'xfi") and 3 manurial 
treatments (no manure, a manurial mixture before 
planting and the same after planting) was conducted 
for three years. The results indicated that tops of 
Phulira yielded slightly less than whole tubers under all 
treatments. Sen and Chakravarti (1945) confirmed tho 
earlier results of Pal and Deshmukh (loc. cit.) 

Polunin (1943) drew attention to the use of detached 
sprouts as seed. He took sprouts 4$" in length and 
planted them in boxes. Ho obtained nearly 6.5 lb. 
from 8 plants raised from sprouts. 

Pushkarnath (1945) conducted detailed experiments 
on potato sprouts as a source of seed. According to 
him the sprouts, when they arc about 1* to 2” in length, 
are detached from the tuber and planted in a nursery 
3 to 4 weeks earlier than the normal time of planting 
and transplanted in the field when the sproutlings are 
4* to 6* in height. At Simla the yields obtained from 
them were reported to be as good as those from whole 
tubers. The use of sprouts as seed is already proving 
very helpful in rapidly building up the stocks of new 
potato varieties or hybrids at the Potato and Wheat 
Breeding Substation, Simla. 

Two important questions emerge out of the above 
observations. Firstly, do the plants raised from smaller 
sets, i.e, tops (chips), eyes, sprouts, etc., yield as well 
as those raised from the whole tubers? If this is possible 
then, the second problem refers to the commercial 
utilization of this method, including method of storage, 
transport and cultivation, If the smaller sets can 
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profitably used as seed on a commercial scale, there 
would bo considerable saving in seed and consequently 
an increase in food. Also if suitable methods of their 
storage and transport are developed, there would be 
a great economy in storage and transport expenses. 

Experiments so far done in India have indicated 
that the chips (tops) and eyes do not yield as well as 
the whole tubers. Although Pushkarnath found the 
yield from sprouts as good as from whole tubers, experi- 
ments doijfe at the Division of Botany, Indian Agricul- 
tural Research Institute, New Delhi and at Kanpur 
(Mitra, 1947 personal communication) have not given 
such good results. It must, however, be borne in mind 
that Pushkarnath conducted his experiments under the 
conditions of the hills which are quite different, from 
those prevalent in the plains for potato cultivation, in 
this connection Bushnell (1930) observed that there was 
a gradual decrease in the yield of potatoes as the chips 
(used as seed) decreased in weight from 15 gm. below. 
In his opinion if the chips have to give favourable 
yields, each of them must weigh at least 1/2 oz. and 
should be 7/8th of an inch in thickness in the centre 
In the experiments so far conducted in Tndia the 
chips of much smaller weight have been used as 
seed. Purewal (1947) also obtained similar results 
with potato peelings and chips. He stated that the 
loss in yield from smaller sets was much more than 
the saving effected in the quantity of seed planted. 
Work on smaller sets is also being conducted at the 
Bose Research Institute, Calcutta, but no published 
record of the work was available to the writer.* 

Therefore, it has yet to be established whether 
the chips, eyes and sprouts can yield as well as the 
whole tuber under Indian condition. However, these 
smaller sets can be profitably used for the rapid multi- 
plication of new varieties the material of which is very 
limited at the beginning. 

Much work has been done on the methods of storage 
and transport of such smaller sets. Scanned (1937) 
has referred to the certified seed “potato eye’ trade in 

^Investigations were conducted at the Bose Research Ins- 
titute by Dr. B. K. Kar with a viow to find out (1) a method for 
preserving the cut chips of varying sizes 1 cm- 2.5 ems over a 
longer period and prevent them from desiccation; (2) to find the 
growth and yielding capacity of the chips — severed from tho 
mother tuber at different periods of their preserved life from 
the havosting time to the sowing time; (3) to find out if 
the severed sprouts from mother tuber ean be practically utilized 
for propagation. 

Attempts were made to prevent excessive desiccation 
by suberizing the cut surfaces or by covering the cut surfaces 
with a special mixture of shellac-wax — India rubber and then 
storing them in a refrigerator. Sealed chips showed loss 
desiccation and sowing experiments also showed bettor ger- 
mination and yield dependent, however upon — (1) timo of 
severance from the mother tuber; and (2) period of preservation. 
Germination percentage, growth and ultimate yield increased, 
with shorter the period of life of the chips separated from tho 
mother tuber with consequent less of desiccation and period of 
preservation. But the yield from the chips was found to bo 
less than the normal sowing. The severed sprouts were not 
found practical for propagation. (Loc. Cit . — Ed ; Sci; A Cul: 
and also refer Isolated potato eyes as seeds for propagation by 
B, K. K« r-Jnd. Jour . Hdrt. Soc., II, 41, 1944). 


Canada. He states that this trade stalled about 
25 years ago in the Prairie Provinces. He further 
states, “conditions were quite different then to what 
they are now. Settlers were moving into all parts 
of Western Canada and many of them were a good 
many miles from railways. By cutting potato eyes and 
mailing them good seed was made available to settlers 
in all parts of the country.” According to 8eannell 
the eyes are cut from the tubers by 3 methods. 

(i) An instrument resembling an apple corer: the 
corer is placed over the eye and pushed through tho 
tuber making a cylindrically-shaped set with an eye 
at least at one end. The borer is an inch in diameter 
and the length of the set is governed by the size of the 
tuber: 10 sets weighed oz. ; (ii) A potato parer bent 
into a semi-circle : this method produces sets of a 
conical shape and of small size : 10 sets weighed 2 oz.; 
(in) A vegetable bailer : it is a kitchen utensil. The 
eyes arc cut in semi-circular ’form, approximately 
an inch in diameter and an inch across at the deepest 
point : 10 sets weighed 4 oz. The sets are thoroughly 
coated w r ith slaked lime to prevent drying out and shrink- 
ing and can then be kept for several weeks without 
any apparent deterioration. Later, they are boxed or 
rolled in oiled paper for transport. It is estimated 
that in the spring of 1930 nearly half a million eyes 
were sold in Western Canada. According to the 3rd 
method of cutting 1 bushel (GO lbs) of Irish Cobbler 
variety gave about 1000 eyes. After the saleable eyes 
have been removed the remainder of the tuber is used 
for planting. Scanned further reports that very satis- 
factory yields were obtained by using seed potato-eyes. 

Evans (1943) undertook experiments to develop 
a method of despatching potato chips by air with reason- 
able assurance that when planted they would be capable 
of giving a fair crop. Allowing for reasonable delays 
in packing, despatch and distribution, it w as considered 
that the chips would have to retain viability for about 
a month. According to him the tuber is held in the 
left hand and a thin chip (l" diameter, thickness in the 
centre) cut off the rose end with a sharp knife. The 
chips were collected and placed with cut surface up- 
ward oil shallow trays, the bottoms of which w r erc 
covered with a thin layer of peat-moss litter. The 
trays were placed in shelves in a wooden seed store 
room at ordinary temperature. The chips 15 days 
old gave 80 per cent germination and had shrivelled 
to nearly half the original size. He calculated that 
112 lb. of such dry chips would be necessary for planting 
one acre. 

Marritt (1944) described treating, packing and 
storing potato eye sets. According to him, eye sets 
are becoming an increasingly important factor " in the 
seed potato trade in Canada because they can be widely 
distributed at little cost. The eyes are scooped out (J 
oz. in weight, 7/8" in thickness in the middle) with a 
vegetable bailer; they are then washed out in clean w ater; 
soon after that they are packed in moisture proof paper. 
A wax coated carton wrapped with waxed craft paper 
is considered a standard ’package containing 25 eyes. 
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The eye- seta are then stored at about 77 <r F., for 4 days 
to & week and then at 38 F. until shipped. After they 
reach the destination they are again stored at 35°F till 
planting. 

Nattrass (1945) has summarised the position re- 
garding the healing of the potato pieces. If cut surface 
is exposed to dry air, it forms a hard crust 
which readily cracks. There is a considerable 
shrinkage and loss of moisture. If on the other hand 
the cut surface is kept in a moist atmosphere, 12-36 
hours after the walls of the cells immediately below 
the cut surface become covered with a deposit of Buber- 
in which form a continuous layer blocking the cut 
surface. This not only prevents loss of moisture but 
effectively bars the way to rotting organisms such as 
bacteria and moulds. Within a further period, the du- 
ration of which depends on the variety and the tempera- 
ture, the colls immediately below r the blocked surface 
divide to form a layer of suborned cells which 
eventually develops into a skin similar in structure and 
function to the outer skin of the tuber. 

The natural healing process can be induced by keep- 
ing the cut pieces in a moist atmosphere for 2-4 days 
after cutting. This can be done by placing the cut 
pieces in a shallow layer and keeping them covered 
with moist sacks. The properly healed sets can with- 
stand exposure almost as well as nature whole tubers. 
Nattrass found that nine months after cutting, the 
cut pieces wore in excellent condition. By this method 
there is not much loss in weight. Four chips weighing 
40 gm. underwent only 23% loss in weight after healing 
while by Evan’s method the reduction in weight is 
nearly 50-00 per cent. But by this new method the 
chips can be stored for a long period. These pieces 
have been successfully sent by air from Kenya to 
England. 

At Simla ^detached sprouts have been found to 
retain their viability for a week when placed in 
m oi «t urc-proof pa ckets . 

The position regarding the use of smaller sets of 
potato, «>., chips (tops), eyes and sprouts for seed 
may be briefly summarized. Experiments so far con- 
ducted in India have indicated that the smaller sets 
generally yield less than whole tubers. One of the 
reasons for such low yields of the smaller sets may 
probably be that the sets used by the workers in India 
have been invariably less than $ oz. in weight ; according 
to Bushnell (loc cit) such small sets give correspondingly 
low yields. This then means that more elaborate 
experiments are necessary to evaluate the potentiality 
of the smaller sets. It is quite possible that sets of 
suitable size, if planted with proper spacing and manures, 


may give yields which may favourably compare with 
those from whole tubers. Although the work at Simla 
has shown that the sprouts can be profitably used for 
rapid multiplication of improved varieties, more exten- 
sive work particularly in the plains, is necessary to 
evaluate the possibility of its commercial utilization. 

Although sufficient work seems to have been done 
abroad on the problems of storage and transport of 
smaller sets, it will be necessary to work out these 
problems for the conditions prevalent in (India both 
in the plains and the hills. Also it will have to be 
seen how far the disadvantages of low yields of smaller 
sets and items of additional cultivation like preparing 
and raising a nursery and transplanting, particularly in 
the case of sprouts, will balance the advantages of 
small quantity of seed (which means saving in food, 
low costs of seed and storage) and low transport 
expenses. 

if, therefore, smaller sets of potato, particularly 
the chips of suitable size give fair yields, and if suitable 
methods of their storage and transport for local condi- 
tions are worked out, it will help to a great extent to- 
wards the expansion of potato acreage in India. And 
more potatoes means partial fulfilment of an urgent 
need of the nation, more calories per capita per day. 
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INSTITUTE OF PALAEOBOTANY 


' THE foundation atone of the Institute of Palaeobo- 
tany, the first of its kind in the world, was laid at 
Lucknow on April 3 last by Pandit Jawaharlal Nehru. 
Embedded in the foundation stone was fossils from 
India and abroad, some of them as old as 60 million 
years. Even the handle of the silver trowel used by 
Pandit Nehru was made of a 16 million years old twig 
from Patagonia. 

Palaeobotany — the science of fossil plants — has 
received considerable attention as a result of studies 
and research undertaken by Profs. B. Sahni, L. Kama 
Kao, S. R. Narayan Kao, 8. I). Saksena, V. B. Shukla 
and Drs. H. 8. Kao, K. V. Sitholcy, G. 8. Puri, A. K. 
Kao, K. Jacob, C. Virkki (Mrs. Jacob), and several 
others in India and the Institute is the only one of its 
kind in the world. The economic value of fossil plants 
lies in the fact that the spores, pollen and cuticles of 
higher plants which flourished millions of years back 
made it possible to subdivide the various formation 
of the earth into smaller divisions and make their 
“zoning” possible and thus help the geologist in classi- 
fication of rocks. The palaeobotanist, after a close 
study of these small remains classify them into small 
units which he calls ‘species* and the analysis of tin* 
distribution chart of these species reveal species ranging 
throughout the entire sequence; species ranging through 
greater part of it; species with markedly changing 
frequency and species which are more or less restricted 
to a certain horizon. Using these species as a tool 
he classifies strata into certain ‘ biozones ’ which an* so 
important for correlation of rocks and have successfully 
been used in oil industry. 

The idea of placing paheohotanieal researches 
in India on an organised basis started as early as 11)26 
when Professor B. 8ahni, the Founder-Director of the 
Institute suggested -that it might be possible with 
aid of the Government fund, to establish a museum 
of fossil plants in India but it did not gain much support 
at that time because Paleobotany at that time was 
still in the- budding stage. However, in September 
1639, a Committee of Paiacobotanists working in India 
which consisted of Professor B. Sahni, Convener , 
Dr K. V. Sitholcy, Secretary and Drs. A. K. Kao, G. 
8. Puri, V. B. Shukla, H. 8. Kao and K. K. Mehta 
as nbers was formed to co-orelinate their activities 
and issue a periodical report which was odited by the 
Oonvencr as “Paheobotany in India”, six issues of 
which have already been published. On May 19, 
1946 eight, members of the Committee, who were work- 
ing at Lucknow signed a memorai dum of association 
and founded the Palwobotanical Society of which Mrs. 
Savitri Sahni was elected the first president. The object 
of the Society was to promote higher studios and re- 
searches in palaeobotany in its scientific aspect and its 
application to problems of economic geology. In order 
to further this cause, the Institute of Paleobotany 
wao born on September 10, 1946 with Prof. B. Sahni 
as honorary director (see Science and Culture, 
December 1948, p. 241). 
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The aims and object of the Institute is to further 
the cause of palaeobotany by assimilation of knowledge; 
to carry on original researches in palseobotany and 
its related branches ; to publish a journal and exchange 
scientific literature ; to hold meetings and discussions ; 
to produce popular literature, organise public lectures, 
excursions, demonstrations and expeditions to promote 
international contacts ; to encourage research through 
funds, fellowships and scholarship and to train students 
in various techniques so that they may work in various 
aspects of palseobotany and solve certain geological 
problems. 

In September 1948, the Institute was ‘transferred 
to an independent building on the University Road 
Lucknow, which is a gift from the Provincial Govern- 
ment of the United Provinces. The proposed build- 
ing for the Institute is expected .to cost about Its. 10 
lakhs. The Government of India has already given 
a grant of Rs. 1.5 lakhs recurring and Its. 1.5 lakhs 
non-recurring and more funds, it is hoped, will soon be 
available. Professor Sahni has donated to the Insti- 
tute all his real property and also his reference library 
and collection which is a single biggest acquisition 
so far made.* 

Addressing the gathering Pandit Nehru, the Prime 
Minister of India, said : 

“Science, scientific approach to problems and scien- 
tific outlook must be developed if India is to progress 
in the modern world. We may have plans, schemes 
and so many ‘isms’, and even we may accept the motive 
force of science, but what is most essential is to under- 
stand the fundamental principles of science. I have 
participated in this function because I believe that 
now the attention of all in India should be concentrated 
on science. There will be retrogression if we do not 
develop this mental attitude. 

“We think in terms of opening new industries by 
indenting machines from countries like America, England 
and I think there will be no scarcity of money for this, 
but the fundamental thing which is needed for an all- 
round industrial development is technicians.” 

* A mooting of paloeobotanists working in India was held 
on January 22 last under the auspices of tho Palaeobotanieal 
Society at tho Institute of Palaeobotany, Lucknow to discuss 
the desirability of adopting a generally acceptable system 
of naming and classifying fossil spores and pollen. Prof. Sahm, 
initiating the discussion, placed the various aspects of the pro- 
blem before the meeting. The following speakers discussed 
the question with reference to their own respective studies of 
spores and pollen from strata of different geological agos: 

Professor J. Hsii (from the Devonian of China); Dr. 8. 
Venkatachary, Professor S. D. Saksena, Professor K. R. Mehta 
and Mr. D. D. Pant (from the Lower Gondwanas); Drs. A, 
R. Rao and R. V. Sitholcy (from the Mesozoic), Drs. R. V. 
Sitholey, O. 8. Puri, V. B. Shukla and Messrs. B. S. Trivedi, 
R. N. Lakhanpal, D. C. Bhardwaj, and M.N. Bose (from the 
Tertiary); Dr. 0. S. Puri (from the Pleistocene). Tho majority 
of the speakers favoured a system of classification on the lines 
adopted by Naumova. 

It was also suggested that a pollen collection be built up 
at the Institute of Palaeobotany for helping workers in the 
comparison of fossil material. 
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Pancjit Nehru added that the present world was full 
of* complexities and was undergoing a revolution, “not 
necessarily a bloody conflict” as we were accustomed 
to understand the term, but our brains are not keeping 
pace with the rapid developments. We hardly realize 
what is happening in the world today. Wo do not 
think of the problems of today in their proper pers- 
pective. What is needed is the systematic under- 
standing of the present day problems. 

“Politicians think that they are running the whole 
show in the world. The fact is that politicians are 
so much entangled in various problems that they find 
very little time to think of fundamental things. So 
those who have devoted their lives to the pursuit of 
science are really blessed.” 


OBITUARY: BIRBAL 

The sudden and untimely death on April 10 of 

Professor Birbal Sahni after a heart attack robs 
palaoobotanists and geologists of their foremost worker 
and at an age when his qualities were approaching full 
fruition. 

Professor Salmi came of a cultured family of the 
Punjab and was born at Bhera, West Punjab, on 
November 14, 1891. He was the third son of the late 
Professor Kuchi Ram Salmi, a distinguished Professor 
of Chemistry ami a pioneer educationist in the Punjab. 
Professor Ruchi Ram always took keen interest in the 
advancement of scientific knowledge in this country 
and through his example Birbal at a very tender age 
acquired taste for science. 

Professor Sahni received his education at Lahore 
and was a student of the Government College, where he 
studied botany under late Rao Bahadur LaJa Shiv 
Ram Kashyap. In 1911 he joined the University of 
Cambridge, where he became a foundation scholar 
and later became member of the Emmanuel College. 
Here he came under the inspiring guidance of the late 
Professor Sir Albert Seward and specialized in Plant 
Morphology. His original researches won for him 
the degree of Doctor of Science of the University of 
London in 1920 and later in 1929 he was awarded the 
Sc.D. degree of the University of Cambridge. 

He returned to India in 1919 as professor of botany 
in the Benares Hindu University and a year later joined 
the Punjab University in the same capacity. Since 
July 1921 ho had been the professor of botany in the 
University of Lucknow. Later in 1943 when the 
University opened classes in geology, ho became a 
professor of geology as w t c11. He organized a first-class 
laboratory and guided research work of Post-Graduate 
students, many of whom took doctorate degrees. 
For several years past Prof. Sahni was the Dean 
of the Faculty of Science of Lucknow Univer- 
sity. A botanist of great calibre, his early papers 
ranged over a wide field but later on he was so 
much inspired by Sir Albert that he concentrated 


Pandit Nehru congratulated Dr Birbal Sahni for es- 
tablishing an unique scientific research institute in India. 

Earlier, Dr Salmi, requesting Pandit Nehru to 
lay the foundation stone, which was specially cons- 
tructed for the occasion, said that the Institute would 
forge an international link between various countries of 
the w r orld. Fossils of different ages will be the undying 
witness of the strange world of the past. 

More than 100 messages, including those from the 
U.S.A., Britain, Russia, China, France, "Germany, 
Scandinavia, Nctherland, Switzerland and other coun- 
tries were received on the occasion. Messages were 
also received from the Governor- General, His Excel- 
lency Sri Bajagopalachari, the Governors of Bombay 
and Assam, Maulana Azad, and several eminent scien- 
tists and botanists, from India and abroad. 


SAHNI (1891-1949) 

mostly on various paheobotanical problems and was the 
first to light the torch of this new and fascinating science 
of fossil plants in our country. His work on the Glosm - 
•pterin flora — and the previous idea of a distinct southern 



continent the Gondwana Land which consisted of such 
far scattered countries as India, Australia, South Africa, 
South America ami Antarctica where towards the 
end of the Carboniferous period an extensive glaciation 
killed most of the older vegetation and in the wake of 
this climatic revolution an almost new vegetation 
appeared while the contemporary northern flora flouri- 
shed in a tropical climate familiar to us as the Coal 
Measures of Europo and North America, — is a 
noteworthy contribution to our knowledge of the 
Southern Fossil Floras. His work threw light on the 
Glossopttris flora and also their relation with the 
contemporary Palaeozoic Angara Land. His studies 
of the Permo- carboniferous floras support the theory 
of continental drift that India and the southern 
land blocks were once directly connected together 
and have since drifted apart ‘like the fragments of 
a disrupted iceberg’. His studies on the Mesozoic 
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floras, particularly the land flora definitely known to be 
Cretaceous age — which comes from the Himmatnagar 
sandstone in Western Kajputana and yielded the 
widespread genera of xerophytic ferns Matonnlium. 
and Weichselia — showed the extension of Woaldon 
flora in India. His studies in collaboration with L. It. 
Rao, S. R. N. Rao and K. P. Rode on the floras of the 
Intertrapean Series of Deccan have shown that ‘the 
Tertiary era had already dawned when the first lavas 
of Deccan were poured out' and has dismissed the old 
version thfct the Tntertrapoans were of upper Cretaceous 
ago. This, however, led to another great problem 
the age of the overlying Gardita beavmonti bed* 
which have so far been universally regarded as 
of Danian age. Recently he got interested in the ago 
of the Saline Series of the Punjab Salt Range 
w'hich on the field evidence appeared to be Cambrian 
or even pre-Cambrian age but have yielded a rich 
microflora of Tertiary affinities. His discovery of a 
much younger flora in these beds revived the old 
idea that they may be of Tertiary age and led to two 
symposia in 1943 at Poona and the other after a re- 
examination of critical sections in the Salt Range by 
eminent geologists at Udaipur in 1045 in which no 
decision, however, could be readied since the geologists 
unanimously agreed that the field evidence was in favour 
of Cambrian or even pro-Cambrian ago but could not 
adequately account- for the occurrence' of a much 
younger flora. According to Sahni, however, the field 
observations indicating infra Cambrian position of the 
Saline Series is due to tectonic movements and that 
the junct ion between the Saline Series and the over- 
lying Cambrian is not of sedimentary contact. 

His more recent work in collaboration with R. V. 
Sitholey and 0. S. Puri include the correlation of the 
Tertiary succession in Assam by means of mierofossil 
types which were confined to them; smaller divisions 
wore also recognized within each major group partly 
on the absence of certain forms and partly on the 
relative frequency of those present. 

From a revision of the Indian fossil Conifers, Prof. 
Sahni concluded that in the Tertiary flora of Northern 
India and Burma there was no trace whatever of this 
group of plants. Advent of the modern Coniferous 
flora of the Himalayas dates from the end of Pliocene, 
when suitable climatic conditions were provided by the' 
elevation of the Himalayas. ‘The Himalayan Flora — 
Past and Present' was the subject of a special lecture 
delivered by Prof. Sahni as Adharchandra Mookerjee 
Lecturer of the Calcutta University in 1937. On paieo- 
botanieal evidence he put forward a theory, what is 
regarded as a complement of the drift theory, viz., drift- 
ing together of the southern continent and the Gigantn- 
pteris flora of China, that were separated by the Tethys’. 

Investigations into the Karevva bods of Kashmir 
have shown that there were three or four glacial epochs 
during the Pleistocene period and Prof. Sahni speculated 
that perhaps the present civilization was nothing but 
the phase of an inter-glacial epoch. 

Prof* Sahni was recently invited at a symposium 

pn ‘Evolution $nd classification of gymnosperms’— a 


group in which he took great interest. A twofold divi- 
sion of the gymnosperms into Stachyosperms mid 
Phyllosperms was established by Sahni in 1920 and he 
indicated the origin of these groups from a common 
magaphyllous stock, in the symposium he established 
a new group of gymnosperms viz., the Pentoxylo® 
embracing the characters of both Stachyosperms and 
Phyllosperms. Pentoxylon Safmii has been reconstruct- 
ed from the parts of the Jurassic flora of the Rajmahal 
hills, viz., Pentoxylon (stem), N ipaniophyllum (foliage) 
and Carnoconites (female cones). Kailior, he recons- 
tructed the best known of the Bennettitales viz., 
Williamson ia Sewardiana from parts of Rajmahal 
fossils such as Ptilophyllum (leaf), Bucklandia (stem) and 
Williamsonia (flowers). From the anatomical features 
of Homoxylon, another Rajmahal fossil, Sahni connect- 
ed the Magnoliales with the Bennettitales through this 
interesting group, throwing fresh light on the origin of 
the angiosperm. 

Professor Sahni was connected with a large number 
of scientific bodies, Indian and foreign. He w r as one 
of the founders and an ex-presidont of the Indian 
Botanical Society and editor of Society’s journal for 
several years. He was president of the section of 
botany in 1921 and 1938, of geology in 192b and general 
president of the Indian Science Congress in 1940. He 
was a Fellow r of the Royal Asiatic Society of Bengal, 
Vice-president of the Indian Academy of Sciences ami 
National Institute of Sciences of India and a former 
President a nd Foreign Secretary of the National Aca- 
demy of Sciences of India. He was Vice-president of 
the Palflpo botany section at the 5th International 
Botanical Congress, held in Amsterdam in 1935, and w r as 
India's delegate to the third centenary celebrations of 
the Natural History Museum in Paris in the same year. 

Professor Sahni was elected a Follow* of the Royal 
Society of London in the year 193b, and w r as reci- 
pient of the Barclay medal of the Asiatic Society of 
Bengal for research in biological science in the same 
year. Towards the end of 1947 he was deputed by the 
Government of India to tour the research laboratories in 
Europe, U.K. and U.S.A. in order to observe there 
plants, organization and operation. Prior to his return 
to India he attended the 18th International Geological 
Congress held in London in September 1948. This year 
a striking tribute was paid to him when he was elected 
Honorary Chairman of the 7th International Botanical 
Congress to be hold at Stockholm in 1950. 

His was a life devoted to science, and in 1946 he 
established the Institute of Pahuobotany at Lucknow 
which is the only one of its kind in the world. But 
unfortunately his untimely death, seven days after 
the foundation stone of the Institute w r as laid, has 
taken away from us a great scholar, a great leader and 
even greater a friend. His love for paleobotany is 
shown by his last instructions to his wife: “Please 
nourish the Institute”. To quote Professor Sir C. V. 
Raman, his was a “restless spirit” and the nation has 
lost in Professor Birbal a great international figure. 

* H . S' Puri & A' K' Ghosh 
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OLD PRINTING PLATES AID COSMIC RAY STUDY 

Lead plates used in printing the first issues of the 
Physical Review more than half a century ago are being 
put to new service by physicists at Cornell University’s 
Laboratory of Nuclear Studies, Director Robert 
L. Wilson revealed today. 

Dr Wilson said that “we have about 3,000 pounds 
of old plates which wo will use in our laboratory work, 
mostly in connection with our cosmic r*ay studies and 
other high-energy radiation work that require the use 
of lead shielding.” 

The sole exception is the one mounted in Dr 
Wilson’s office which is from page one of the first issue of 
the Review for July- August, 1893. The plates were 
turned over to the laboratory recently after having been 
in storage here since 1913, the last year the Review 
was published at Cornell. (New York Times , February 
6, 1949). 


NEW ABSORPTION DELAYING VEHICLE 
FOR PENICILLIN 

A now repository form of penicillin which gives 
delayed absorption has been developed recently by 
F. H. Buckwalter and H. L. Dickinson of the Bristol 
Laboratories, Syracuse, New York. 

These research workers set up the following criteria 
for the ideal vehicle repository penicillin : it must bo 
non-toxic, non-irritating and nonallergenic; it must not 
affect adversely the stability of penicillin ; it must pos- 
sess a viscosity to permit withdrawal into a syringe and 
administration at room temperature ; it should retard 
the rate of release of penicillin from the site of injection; 
and it should be of such consistency as to prevent 
settling of suspended penicillin particles. 

Gels of the aluminium stearates and vegetable 
oils meet most of these requirements. The viscosity 
of such a preparation will depend on which aluminium 
stearate (mono-, di-, or tri-) is used, the type of oil, and 
the conditions under which the gel is made. The 
high degroe of water repellency aids in delaying the 
absorption of penicillin, and the thixotropic properties 
of those gels effectively prevent settling of suspended 
penicillin particles. 

Various penicillin suspensions containing 300,000 
units per c.c. were administered in doses of 50,000 
units per kg. to rabbits and the blood level determined 
periodically for days. Procaine penicillin G of small 
particle size in an aluminium stearate gel could be 


detected in the blood up to 12 days after an injec- 
tion. In contrast, sodium penicillin G in peanut oil 
containing beeswax could not be detected in*48 hours. 
(Inter- American Scientific Publication, March, 1949). 

RADIOACTIVE PHOSPHORUS UPTAKE IN RAT 
TEETH STUDIED 

The rate of uptake of radioactive phosphorus 
by the teeth after intraperitoneal injection hat recently 
been determined at the Purdue University, School of 
Pharmacy, Lafayette, Indiana. The intraperitoneal 
injection of 1 c.c. of a solution cotaming 0.1 gm. of 
radioactive potassium biphosphate with an activity 
of 200,000 counts per minute per c.c., disclosed that the 
phosphorus is taken up quite rapidly during the first 
20 hours, after which the activity of the teeth slowly 
diminishes. 

Tn a second experiment, it was shown that the ra- 
dioactivity of rats’ teeth after injection intraperiloneally 
of radioactive phosphate, is a linear function of the 
activity of the phosphate solution injected. ( Inter - 
American Scientific Publication , March, 1949). 

BORON-TREATED STEELS 

It is reported from the U. 8. National Bureau of 
Standards that the effectiveness for hardening steel 
by the addition of small amount of boron depends upon 
the steel-making practice and the amount and form of 
boron retained in the steels. The optimum effect 
on “h alienability” is obtained when boron is added 
in the form of simple or complex ferro-alloys, commonly 
called “in ten sifters”, “Special addition agents”, or 
“needling agents”, to thoroughly deoxidised heats in 
which the amounts of boron recovered is within the range 
of about 0.001 to 0.005 per cent. It is found that varia- 
tions from 0-0.006 per cent of boron additions made 
with either simple or complex intensifiers have no signi- 
ficant influence on the following properties of the steels : 
(1) Cleanliness, except titanium or ziroconium inclusions 
in some steels treated with complex intensifiers (non- 
metallie inclusions), (2) hot working (experimental 
steels), (3) transformation temperatures, (4) resistance 
to softening by tempering, (5) weldability (experimental 
steels) and (6) tensile properties of fully hardened and 
tempered specimens, except possibly an improvement 
in ductility when tempered at low temperatures. Steels 
with relatively high additions of boron can be rendered 
fine grained at heat-treating temperatures by the judi- 
cious use of grain-growth inhibitors such as aluminium, 
titanium, and zirconium. 
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The influence of boron on liardenability and on notch 
toughness of fully hardened and tempered steels varies 
•with the base composition of the steels, the composition 
of tho intensifiers, and the amount of boron present. 
The increase of hardenability due to boron is greater for 
basic open-hearth than for experimental stools prepared 
in an induction furnace. The hardenability of many 
of the experimental and all the steels comprising basic 
open-hearth heat is markedly improved by addition of 
boron. In many of tho experimental steels the optimum 
h&fdenabiliiy is obtained with small additions of boron 
(0.001 per cent or less retained), while in other steels 
the hardenability increases continuously with increase 
in boron. In other steels, tho addition of boron as a 
simple or complex intensifier is either without etlect 
or impaires the hardenability. In general, relatively 
small additions are more effective than large, and the 
complex intensifiers are more effective than the simple 
ones. 

The effectiveness of boron in enhancing the harden- 
ability increase with the amounts (within limits) of 
manganese, chromium and molybdenum. Tho hardena- 
bility also varies with the state of deoxidation of the 
heat and the final nitrogen content. High soluble nitro- 
gen (and possibily oxygen) is detrimental to the 
boron effect on hardenability. 

For the commercial steels, the magnitude of the 
hardenability effect is independent of the amount 
of boron added or retained and the composition of the 
intensifiers. The addition of small amounts of boron 
is often bcnefical to the notch toughness at room tempe- 
rature of the steels when fully hardened and tempered 
at low temperatures. ( The. Chp.tnical Age, March i>, I 94fi). 

NEW SYNCHROTRON 

At a recent meeting of the American Physics! 
Society at Berkeley Dr Edwin M. McMillan, the inventor 
of the now synchrotron of the University of California 
at Berkeley, described the principle of operation of the 
machine. The first beam was produced in December 
and after a few alterations the synchrotron was opera- 
ted at full energy of 300-m.e.v. in January. The 
impact of the 300-m.e.v. electron beam on a heavy 
atom produced a beam of 300-m.e.v. x-rays which 
wer*> used for atom-smashing bombardments. Tho 
actual operation of the new synchrotron involved 
dolicate balance between complex operating parts and 
micro-second timing. Electrons were accelerated to 
300-m.e.v. in “flights”, each flight touring the accele- 
ration chamber 480,000 times in 1/120 of a second. Each 
pori:xl of operation covered 1/30 of a second, including 
preparation for the briof period of actual acceleration. 
The machine accelerated six “flights” of electrons each 
second, remaining out of operation the remainder of 
the time. 

Dr McMillan stated that tho boaift will be used 
for inducing nuclear reactions and for cold chamber 
studies of phenomena similar to those found with cosmic 
rays. (Chemical and Engineering News , February 28, 
1949 ). 


LARGE TELESCOPE CONCERN IN ENGLAND 


•S 


Cox, Hargreaves and Thomson Ltd., London, is 
(‘quipping itself to undertake the manufacture of large 
telescopes. This newly formed optical concern of ex- 
perts is already working on objectives of medium 
size (up to about 48 inches). One of the partners, Mr 
John V. Thomson, was working in the 200-inch Telescope 
project in California for two years and has just returned 
to England, with the experience of constructing large 
teiesco] >ic reflectors. 


Jt is understood that the C. H. T, Ltd. will shortly 
be making a 24-inch Schmidt mirror out of a 5- ply 
glass disc prepared by the Piekintgton Brothers Ltd. 
at St. Helens, Lancashire. This (line is prepared by 
welding thinner glasses together at- the softening tempe- 
rature. Although the idea of using ply glass for teles- 
copic disc is not new > the success of this mirror will show, 
for the first time, its practicability. Mr. Hargreaves 
thinks that there is a great future for ‘cellular* discs, 
prepared by similar welding process, for large telescopic 
reflectors. 


PALOMAR OBSERVATORY 

The 200- inch mirror has been housed in the Palomar 
Observatory in Califormia towards the end of 1047. 
After preliminary tests were carried out, it was found 
that its outer zone, 18 inches wide, is still a little too 
high, measured in fractions of wave length of light. 
This is suspected to be due to temperature effect, at least 
partly. Measures are being taken to avoid the tempe- 
rature effect to get the perfect correction in figure. 
If this does not prov« satisfactory, the outer zone may 
have to be polished down in which ease the operation 
will be carried out at the site without removing it to 
the optical shop in Pasadena. 

The observatory is starting on a three- year pro- 
gramme of mapping the entire available sky with its 
48-inch Schmidt telescope w T hieh is just complete and 
installed. This is also the largest Schmidt telescope 
in the world, and will help guiding tho programme of 
the largest 200-inch telescope. 

RADIO-ISOTOPES IN PETROLEUM RESEARCH 

Experiments with piston rings made radioactive 
in tho uranium chain-reacting pile at the Oak Ridge 
National Laboratory forecast benefits to operators 
of motorized equipment. Tho California Research 
Corporation, and the isotopes Division of the AEC 
are successfully using radioactive piston rings to test 
tho effect of fuels and lubricants on engine wear. 
The amount of wear can be measured by an extremely 
simple and delicate method by which as little as one 
millionth of an ounce of metal worn from the ring?* 
can be detected. The Corporation has also developed 
a method which can indicate just where a given sample 
of oil is located in pipe-line from outside the pipe. 
As little as one billionth of an ounce of radioactive 
barium added to tho oil before it is pumped into tho 
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pipe can bo detected with a Geiger counter. The 
X?i)rporatk>n is using radioactive carbon in an experi- 
ment to learn more about the state of gasoline mole- 
cules* as they pass through the refinery. (Chemical 
and Engineering News, February 14, 1949). 

INDIA CAN BENEFIT FROM THE U.S.A. PATENT 
OFFICE 

Among constitutional provisions which enhance 
the individual's worth to himself and to society is the 
one giving the U.S. legislature the power to grant him 
the exclusive enjoyment of his inventions and disco- 
veries for a limited period. This is the fountainhead 
of authority for the U.S. patent system. 

By now the patent office has issued a total of two 
and a half million patents concerning every conceiv- 
able human activity in every part of the world. These 
patents constitute the greatest body of technical litera- 
ture ever amassed. . Without the various aspects of 
this patent system, U.S.A could not have reached 
anything approaching her present industrial and eco- 
nomic power. 

The U.S.A. patent system is open to the people 
of India as it is to anyone in the world except persons 
who are classed by the U.S.A. as enemy aliens. 
Its protection is given to Indians to exactly the same 
extent, for exactly the same cost, as it is to American 
citizens. The fees charged by the U.S.A. Government 
are $.30 (about Tts.100) upon filing the application, 
and another $30 upon completion of examination 
and acceptance. If application is rejected, an appeal 
can bo filed for a fee of $15 (Rs. 50). The fees expected 
by the attorney or agent vary considerably. The 
science division of New York’s reference library has 
excellent facilities in this line. 

Once the patent is issued, there are no additional 
fees for its maintenance and no provisions for compul- 
sory working or for compulsory licensing under the 
patent. Even if the patentee does not work the paten- 
ted invention himself, he may prevent others from in- 
fringing it. There are no renewal fees, taxes, or asses- 
ments whatsoever through the 17 years of the patent’s 
existence. The total amount paid in ordinary cases 
.is thus $fi() (Rs.200) for 17 years’ protection. In 
India’s patent system, the applicant first pays the 
Indian Government an application foe of Rs.30 and 
a sealing fee of Rs.30. After the first four years of 
the patent (which are freo), the patentee must pay 
renewal fees of Rs. 50 for the second four years term, 
Rs. 100 for the third and Rs. 150 for the final 4-year 
term. This totals Rs. 1 ,260 for protecting an invention 
in India for 16 years, as compared to Rs. 200 for 17 
years of protection in the U.S.A. 

The number of patents granted per million popu- 
lation in U.S.A. is 374, while it is only 2 in India. 
86.8 per cent of the total of patents taken out in U.S.A. 
annually are taken out by U.S.A. citizens. In India, 
only 10 per cent are granted to Indians and 90 per 
cent to foreigners* In 1946, of the 2,608 applications 


filed in the Indian Patent Office, 18 per cent were filed 
by U.S.A. nationals. (World in Brief , News Service). 

INDIAN SCIENTISTS’ TOUR OF AUSTRALIA 

Keen interest in the scope of scientific investigation 
in Australia and in the facilities available for modern 
research, was shown by the members of the Indian 
Scientists’ delegation who have just returned after com- 
pleting their tour of Australia, in response to an invi- 
tation from the Australian Government. 4 

The delegation included Dr S. Krishna, Director 
of Forest Products Research, Indian Forest Research 
Institute at Dehra Dun; 

T)r B. P. Pal, Joint Director of the Indian Agricul- 
tural Research Institute, New Delhi; 

Lt. Col. M. L. Ahuja, Director of the Central Re- 
search Institute, Kasauli; and 

Mr V. P. Sondhi, Deputy Director, Geological 
Survey of India, Calcutta. 

At Canberra, the national capital, the delegation 
inspected CS I R laboratories and were received by the 
Governor-General of Australia, the Rt. Hon. W. J, 
Mckell. They met also the Prime Minister, the Rt. 
Hon. J. B. Chiefly. 

Among places visited were the Common wealth 
Forestry and Timber Bureau, the Australian Institute 
of Anatomy and the Commonwealth Observatory at 
Mount Stromlo. 

Travelling by air, the delegation then visited the 
irrigation areas on the Murrumbidgoe River at Lectori 
and Griffith, in the State of New South Wales. There 
they saw farms on which rice and wheat are grown. 

At Boonoko station, in the Deniliquin district of 
Riverina, the visitors were able to inspect Australia’s 
most famous Merino stud. 'About 70,000 sheep are 
run on the property. At the stud they were shown 
25 rams each worth more than Rs. 10,660/- 

Tho delegation passed through Eehuca, a Murray 
River township in the State of Victoria which is a centre 
of dairying and w r hoat growing. At Shepperton, 
in the Goulburn Valley, they inspected the oxtonsive 
fruit growing areas which support the biggest fruit 
canneries in Australia. It w r as pointed out that the 
Australian wheat research authority, William Farrer, 
had used Indian varieties of wheat in the course of his 
breeding experiments, and that some of the Indian 
strain exists in Australian wheatfields today. 

Because of the nature of the work carried .out at the 
Forest Research Institute at Dehra Dun, Dr Krishna 
found his main interest in Melbourne in the activities of 
CSIR’s Forest Products Division. Its modem labora- 
tories conduct research into matters relating to timber 
and the utilisation of forest products generally. 
Dr Krishna showed keen interest in the work of the 
various sections, which are devoted to wood structure^ 
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wood chemistry, timber physics, and mechanics, season- 
ing, preservation, veneer and gluing, and utilisation 
•of timber products. 

Lt-Ool. Ahuja was particularly interested in tin* 
medical research work carried out by the Walter and 
Eliza Hall Institute, which is world famous for investi- 
gations into the problems of pathology and medicine. 
The Institute is directed by Professpr F. M. Burnett, 
F. R. S. Important activities undertaken at the Insti- 
tute include large-scale production of influenza virus 
vaccine, study of snakebite and virus diseasos of man 
and animal and the chemical detection of posions. 

ROYAL ASIATIC SOCIETY OF BENGAL 

The 165th Annual Meeting of the Royal Asiatic 
Society of Bengal was held at Calcutta in the Society's 
hall at 1, Park Street on February 7, 1949. The 
lion’blo Mr Justice Hama Prasad Mookerjee presided. 

In his presidential address, Mr Justice Mookerjee 
urged that a conference of Asian Countries should 
be held early to consider the cultural problems only. 
He said, “This Society is not only to adapt itself to the. 
conditions in an Independent India, but must take 
due note of the new r upsurge throughout the length 
and breadth of Asia— Asia has now rediscovered its 
soul. India must play a very important part in the 
growth of Asian uplift. During the last few r centuries 
most of the countries in Asia had been dominated 
politically and economically by different western 
powers and an idea had been propagated that the people 
inhabiting the different parts of Asia are as between 
themselves fundamentally different in their culture 
and heritage. With the gain of freedom in India, 
Burma, Ceylon and some of the countries in the Var 
East, it is now possible for the peoples of Asia to think 
freely and express frankly what their ideals in life 
had been and should be. Representatives of the di- 
fferent Asian countries have been meeting and fortunate- 
ly two of such conferences were held in India, thanks 
to the foresight and breadth of vision of our Prime 
Minister Pandit Jawaharlal Nehru. It has been em- 
phasised that the meeting of the Asiatics to have a 
common platform grow out of a legitimate desire to 
see the Asian continents to rise to its full stature but it 
must be remembered that there is no spirit of hostility, 
much less of threat, to those in other lands who used 
to domineer, in the past, over whatever was Eastern. 
An opportunity must be afforded to the Asians to plan 
and execute, orderly and co-ordinate, a development 
along humanistic and international lines”. Continuing 
Justice Mookerjee stressed that this Society was not 
concerned with the political aspect of the question but 
rather with the cultural unity of all who are in Asia, 
“The political disputes and differences and the clashes 
of political ideals, as we are noticing in China, Burma, 
Malaya, Siam, Indonesia, Syria, Palestine and at other 
places, will not stand in the way of the Asians meeting 
on a common platform for more and greater correla- 
tion on cultural problems. Everybody recognises that 
wisdom went from the East to the W ©st. Can anybody 


forget that tho vedic seers, Zarathustra, Gautama, * 
Buddha, Moses, Jesus, Confucius and Mohammed were 
all Asiatics ■ The message of hope, message of truth, 
message of love all emanated from the East. It is 
still possible for the East to continue to contribute 
its quota to tho solution of the various problems which 
face the much -distracted present day world.” 

The following awards of the Society’s medals 
and prizes were announced ; 

Annandale Memorial Medal to Shri Nirmal Kumar 
Bose for his contribution in Anthropology, Archaeo- 
logy and Ancient Civilization. Durgapromd Khaitan 
Memorial Medal to Dr J. C. Ghosh for his contribution 
towards the development of industry in India. 

The Society’s medal for service of peace, unity 
and progress was awarded for the first time and pos- 
thumously to MAHATMA GANDHI. 

Mr Justice Mookerjee and Dr K. N. Bagchi were 
re-elected President aand General Secretary of the 
Society for the year 1949-50. 

BOTANICAL SOCIETY OF BENGAL 

Tho Thirteenth Annual General Meeting of the 
Botanical Society of Bengal w as held on March 26, 1949, 
at the Botanical Laboratory, Calcutta University. 
Dr K. Biswas, Superintendent, Royal Botanic Garden, 
Sib pur, presided and Rai Shri Ilarendra NathChaudhuri, 
Minister of Education, Government of West Bengal, 
was tlic Chief Guest on the occasion. 

The Education Minister said that no Government 
could be indifferent to the progress of science in tho 
country. Both the Central and Provincial Govern- 
ments were faced with a thousand and one difficulties 
after attainment of independence and therefore were 
not in a position to render sufficient help towards the 
development of science in the country. Ho was sure 
that as soon as they would be able to solve the existing 
difficulties they would pay due attention to this matter. 

Referring to the prayer of tho Society for a grant 
of Rs. 2,500 for publication of its special works for 
popularising botanical science among students, the 
Minister assured that Government would seo to it 
that the prayer was granted. 

Speaking on the subject of ‘Botanical Survey of 
India — Past, Present and the Future*, Dr Biswas said 
that if the country neglected scientific investigation 
of its natural resources it would have to pay very heavily 
in the long run. Tho development of the Botanical 
Survey of India was a vital need for the country, as it 
will appear from the enormous range and possibilities 
of botanical exploration of the unexplored and insuffi- 
ciently botanised regions of India, (including forests 
of Native States) to the extent of about 125,000 sq. 
miles out of a total forest area of nearly 250,000 sq, 
miles. 
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India can be conveniently divided into five natural 
cycles, viz., (1) North-West Circle, (2) Eastern Circle, 
(3) Central Circle, (4) Southern Circle and (5) Western 
Circle, and each placed under the charge of a Chief 
Botanist, Mho will approximately have about 110,000 
sq. miles unit area of the country to explore and report 
upon. At the rate of 300 sq. miles per botanist per 
year, no less than 5 to 6 botanists will be required to 
complete the survey within 15 years. At this rate 20 
botanists would be required to complete the survey 
work of the whole area within the specific 15 years. 

Recurring expenditure under the proposed re- 
organized botanical survey is estimated to be 2-3 lakhs * 
of rupee's in the first stage of development and 4-5 
lakhs in the fifth year. But unfortunately the entire 
scheme has now been held in abeyance by the Central 
Government. 

Continuing Dr Biswas said, “I confess that I have 
utte rly failed to follow the policy of the Government 
of India particularly towards the Botanical Survey of 
India. This survey is one of the very oldest Depart- 
ments of the Government of India. Its reorganization 
scheme was thrashed out and drawn up as long ago 
as HUD by the eminent and expert officers who were 
then Members of the Board of Scientific Advice under 
the auspices of the then Government of India. The 
reorganization scheme was accepted by the Government 
of India but tlie implementation of which was indefinite- 
ly postponed on account of the alleged financial reasons 
prevailing at that time. The time I speak of was 
when so many new Departments what are now charac- 
terised as Nation Building Departments now actively 
functioning were altogether unknown. It will thus 
be quite dear to you that when the financial condition 
of the Government of India improved the Botanical 
Survey of India should have received the first recogni- 
tion and support on the basis of priority claim at least, 
but intentionally or unintentionally the Botanical 
Survey of India instead of receiving active and material 
support was left truncated since the end of 1937.” „ Dr 
Biswas appealed to the Scientific Public of India to 
appreciate the actual position of the Botanical Survey 
of India and ponder over the matter carefully as to 
..whether such a deplorable condition should be allowed 
to continue any longer. 

Concluding Dr Biswas referred to the steps he 
was taking towards coordinating all the different 
aspects of botanical researches not only in this country, 
but also in the neighbouring countries of Asia with the 
Royal Botanic Garden, Sibpur as the centre for dissemi- 
nating botanical knowledge worthy of India’s past 
tradition in the field of cultural and scientific advance- 
ment. There was, he said, every possibility and pros- 
pect of our organising floristic researches on an All- 
Asia basis and India will take a forward lead to the 
progress of botanical science in Asia through the revived 
Botanical Survey of India. 

Dr K Biswas was re-elected President and Shri 
P. K. Bose was elected Secretary for the year 1949-50. 


ZOOLOGICAL SOCIETY OF BENGAL 

The Third Annual General Meeting of the Zoologi- • 
cal Society of Bengal was held at the Zoological Labo- 
ratory, Calcutta University, on March 27 last. Prof. 
H. K. Mookerjee, Sir Nilratan Sircar Professor of Zoolo- 
gy, Calcutta University, presided. 

In his presidential address, Prof. Mookerjee pleaded 
for the establishment of National Biological Laboratories 
parallel to our National Physical and, Chemical 
Laboratories already in existence. He said physical 
and chemical problems when solved render us many 
advantages but the biological sciences are in no way 
less important — one is complementary to the other. 

Continuing, Prof. Mookerjee said that in recent 
years not only a series of National Laboratories were 
established but also non-official institutions, like the 
Indian Association for the Cultivation of Science, were 
expanded for the advancement of physical and chemi- 
cal sciences. Unfortunately, biological sciences have 
been utterly neglected. He appealed to the scientists 
of India to this malfunctioning of science in India, 
if the country has to progress and to include research 
in biological sciences at the Indian Association for the 
Cultivation of Science. 

Referring to the progress of zoology in India 
during the past decade, Dr Mookerjee said, our achieve- 
ments an', not negligible although there are ample scope 
to expand our fields of research. He stressed the im- 
portance of modern subjects like Genetics and Animal 
Physiology fr< m the national point of view. 

Prof. H. K. Mookerjee and Shri G. K. Ghakravariy 
wore re-elected President and Secretary respectively 
for the year 1949-50. 

GEOLOGICAL SURVEY OF INDIA 

Reserve ot manganese ore have been discovered 
at Tirodi, in the Balaghat District of the Central Pro- 
vinces, by a party of geologists deputed by the Geo- 
logical Survey of India, Government of India. Investi- 
gation was undertaken at the request of the Central 
Provinces Manganese Ore Company which has been 
engaged in mining operations in the area for some time 
past. 

Parties of the Geological Survey of India working 
in other parts of the country have reported tho discovery 
of several largo deposits of bauxite in western part of 
Sambalpur, Orissa; small occurrence of magnesite 
near Ulipuram in the Salem District of Madras; and 
the occurrence of several spams of coal on the west 
bank of the Halso river in the Bilaspur District in 
C.P, 

Brief references to these and other activities of 
the Geological Survey of India are made in its quarterly 
report for the period October to December, 1948. 
The report records that five parties continued investi- 
gation for oil in various parts of the country, viz the 
Jawalamukhi area in East Punjab, Nawanagar State, 
Cutch, Kathiawar and the frontier tracts of Assam. 
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Prospecting work continued during this quarter for 
bauxite deposits in the Belgaum District (Bombay) ; 
western part of Sambalpur (Orissa); and Patna ‘District 
(Bihar). Prospecting for raw materials for glass and 
ceramic industries continued in the Jubbulpore, 
Hashangabad and Ohhindwara districts of C.P. investi- 
gation for gypsum also continued in Jodhpur State 
and Sirrnur State (Himachal Pradesh). 

The (Geological Survey also carried out during this 
period geological investigations in connection with 
several river valley projects, Mich as, Bhakra, Kosi, 
Khoh, Pipri, Hipri, Hirakud and Domodar. 

The annual Field Training Camp for training 
geologists was held from November 15, 1 94ft to January 
4, 1949 and 22 newly appointed officers of the Geological 
Survey of India as well as ten university post-graduate 
students were trained. 

MILK MARKETING IN INDIA 

The problems of marketing of milk and the present 
undesirable features of milk production, which any 
plan of improvement of dairy industry in India must 
guard against, arc 1 dealt with in a comprehensive bro- 
chure on Milk Marketing in India just published by 
the Agricultural Marketing Adviser to tho Govern- 
ment of India. The brochure, copiously illustrated 
with charts and diagrams, deals with problems of 
supply, demand, utilisation, price and quality of milk 
and discuss \s various aspects of distribution with 
particular reference to urban supply. 

The average* daily per capita consumption of milk 
including milk products in India is only about. 5 ozs. 
as compared to 41 ozs. in the U.K. and lib ozs. in the 
U.8.A. Of this meagre ration loss than half is consumed 
as fluid milk as, it is estimated, out of a total produc- 
tion of 45.3 crorc maunds of milk not more than 3b per 
cent is taken as fluid milk. In the absence of facilities 
for speedy assembling, large scale processing and 
long distance transport of milk, the brochure says, as 
much as 43 per cent of the production has to be con- 
verted into ghee in small villages. Tho bulk of the 
milk consumed in urban areas is produced at high cost 
in congested stables of towns and cities under the 
most unhygienic conditions and adulteration is so wide- 
spread that consumers have almost become indifferent 
to quality. 

The brochure also indicates the efforts made by 
the Central and the Provincial Governments during 
the past five years to arrange supply of milk to urban 
areas through organization of producers co-operatives. 
Co-operative Societies and Unions now handle about 
2,200 maunds of milk per day but the part played by 
them is yet exceedingly small. A brief account of 
Bombay’s five-year milk plan estimated to cost over 
4| crores of rupees is also given. A number of appen- 
dices at the end contain interesting information ori 
cattle statistics in India as well as on the production 
and consumption of milk. 


OPPORTUNITIES FOR STUDY ABROAD 

The United Nations Educational, Scientific and 
Cultural Organisation (UNESCO) has published the 
first volume of “Study Abroad, International Hand- 
book of Fellowships, Scholarships and Educational 
Exchange.” The book covers over 10,500 oppor- 
tunities for International Study in 1(56 subject fiolds 
in twenty-seven countries. In addition, the handbook 
contains notes on the fellowship programme of the 
United Nations and its Specialised Agencies as w r ell as 
summaries of the technique of fellowship administration 
for those engaged in planning fellowship programmes. 

The aim of tho publication is to increase the number 
and quality of candidates applying for fellowship, to 
suggest to prospective donors where now programmes 
may be developed and to bring into perspective pos- 
sible overlappings of emphasis and areas of outstanding 
need. The book will be of practical assistance to those 
wishing to travel out of their own countries, for purposes 
of study. The reporting countries are, Austria, Bel- 
gium, Burma, Canada, China, Columbia, Czechoslova- 
kia, Ecuador, Eire, Finland, France, India, Italy, 
New Zealand, Norway, the Philippines, Portugal, 
South Africa, United Kingdom and United States of 
America. 

The book is available with some booksellers in 
India and can also be obtained from UNESCO head- 
quarters in Paris. 

SIR BEN LOCKSPE1SER 

Sir Ben Loekspeiser, Chief Scientist at the Ministry 
of Supply responsible for conduct of scientific research 
in all fields of activity of the Ministry excepting atomic 
energy, has succeeded Sir Edward Appleton as Secretary 
to the Committee of Privy Council for Scientific and 
Industrial Research. 

The appointment of Sir Ben to this important 
position, opens a new chapter which perhaps may bo 
considered the most important executive post in Govern- 
ment service. Sir Ben who is a member of the Scienti- 
fic Civil Service, has risen from the lowest grade. 

Previous holders of this appointment are Sir 
Frank Heath (1916-1927); Sir Henry Tizzard (1927- 
1929); Sir Frank Smiths (1929-1939); and Sir Edward 
Appleton (1939-1949). 

ANNOUNCEMENTS 

Dr P. Maheshwari, Professor of Botany, Delhi 
University, lias boen elcctod a Vice-President of the 
Morphology Section of tho Seventh International Bota- 
nical Congress to be held at Stockholm in 1950. 

At the Annual convocation of the Forost Research 
Institute & Colleges, held on March 24, 1949, and pre- 
sided ovor by the lion’ble Pandit Jawaharlal Nehru*, 
Prime Minister of India, Sliri K. N. Tandon, Research 
Assistant of the Wood Technology Branch, was award- 
ed Howard Medal— 1948 for outstanding research 
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work on “The Study of the relation between height 
and diameter growth in some Indian forest trees”. 

Scholars from overseas who visit Boston and its 
environs are invited to visit the house of the American 


Academy of Arts and Sciences at 28 New'bury Street, 
Boston 18, Massachusetts. The staff of the Academy 
will be happy to co-operate in arranging travel and hotel 
accommodations and personal contacts with scholars 
and institutions in the Boston district. 


BOOK REVIEWS 


The Way* of Fishes — By Leonard P. Schultz and 
Edith M. Stem. Pp. i-xii, 1-284, 80 text-figures, 
1948. Macmillan & Company, Limited, St. Mar- 
tin’s Street, London. Dollar price $4.00; Sterling 
price 22s. net. 

The Ways of Fishes comprises of four main sections, 
each catering to different tastes. The first 13 chapters 
upto page J 81 illustrate some selected aspects of the 
ways of fishes, Chapter 14 (pp. 182-193) deals with fish 
management and some aspects of fisheries research, 
Chapters 15 and 16 (pp. 194-218) give ABC’s of Heme 
Aquaria and an account of fishes suitable for such 
aquaria and the Appendix (pp. 219-247) contains a 
classification of Pishes. This is followed by a General 
Index (pp. 249-258) and an Index of Scientific Names 
(pp. 259-264). The figures arc simple but very much 
illustrative of the points intended to be portrayed or 
emphasized. 

In the first section of the book, there is an immense 
wealth of information on certain aspects of fish life 
which is bound to interest a general reader, especially 
as it is given in simple nun-technical terms. This 
information is based mostly on personal observations 
or taken from the writings of present day workers. 
Por a general reader, it may be an advantage that the 
book is not burdened w ith references, but a scientific 
reader is likely to miss them. The variety of topics 
dealt with is clear from the titles of various chapters : 
Migration, Locomotion, Hibernation and Aestivation, 
Pishes Dangerous to Man, Feeding Habits, Association 
with other Animals, Males that Incubate, Electricity 
and Luminescence, Sound and Sight, Ocean Beach 
Spawners, Giants and Dwarfs and Nest Builders in 
Streams. The most pleasant feature of the work is 
that each chapter leads to the next imperceptibly 
so that a general continuity of story is maintained 
throughout. 

In the Chapter entitled “Fishes Controllable by 
Man”, the authors point out the similarities between 
the principles of management of domestic animals 
and fishes, particularly those cultured in ponds. A 


simple and brief account is given of the Methods of 
Fish Management in Streams, Lakes and Sea and a 
special reference is made to the control of the north- 
Paeilic Deep-Sea Halibut through scientific investiga- 
tions and administrative measures. 

The two chapters dealing with Htirc Aquaria 
are sufficiently infoimative fer a beginner in aquarium 
hobby. Attention is invited to the oxygen, light and 
temperature requirements of fishes and the role of the 
plants, changing of water, fo(d and other animals in 
a balanced aquarium is indicated. Various hazards 
that may afflict aquarium inhabitants aic mentioned. 
The technique of setting up a balanced aquarium is 
explained. Criteria for selecting fishes fer the aquaria 
are given and fishes suitable for aquaria are listed 
in their evolutionary order. 

The Classification of Pishes given in this book 
cannot be of any use to the general readers of the book, 
but it is a boon for fish taxonomists as a general reference 
work. According to Schultz and Stern, fishes are 
grouped into 9 classes, 66 orders and 570 families, 
whereas aecerding to Berg there are 12 classes, 1J4 
orders and 6(4 families. Jordan had enumerated 
6 classes, 71 emlers and 638 families. Schultz and Stern 
have rightly observed that “Such disagreement is a 
healthy condition in the field of ichthyology, because it 
indicates that new factsare being discovered and these 
change the conceptions of relationships, thus altering 
the arrange ment of the orders and families of fishes. 
Our knowledge is too imperfect to arrange the groups 
in a truly natural classification”. Points of special 
significance for Indian ichthyologists are the following : 

1. Family Cfuxvdhuriidce Annandale is removed 
from the M astacembeloidce (=Opisthomi) and, following 
Bc'rg, has been raised to the rank of an Order Chfitudhu- 
rioiete. The two are, however, placed together showing 
close relationship. 

2. The Family Boraichthyidw Kulkarni is placed 
in the Suborder Poecilioida 4 (Order Cyprinodontidee) 
next to Anablepidse and Tomeuridse rather than to the 
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Cyprinodontfrke to which it is undoubtedly closely 
allied. 

3. The retention of the Family Adiposiidce Jordan 
for Adiposia Annandale & Hora is perhaps not justi- 
fied, Adiposii belongs to the Cobitidce. 

It is further a matter of gratification to record 
that the taxonomic changes of the family rank pro- 
posed by Indian ichthyologists during the last quaitcr 
of a century have been accepted in this work. 

The reviewer feels that the authors could amplify 
the classification of fishes and publish it separately 
rather than include it in a charming, general work 
dealing with the ways of fishes. 

S. L . //. 


Animals Alive — By Austin H, Clark. 1). Van Nos- 
trand Company, Itic., New r York, 1048. Pp. vii 
} 472. Price *4.00 

The author, Dr Clark, is a well -known biologist: 
attached to the United States National Museum, 
Washington, D.C. In the course of his long service 
at this Museum, he has also had exceptional oppor- 
tunities of studying animal life in its natural surround- 
ings in various parts of the w'orld. As a result, ho 
ift exceptionally well-qualified for producing an authori- 
tative and well- written account of the living animals 
or as he designates them the * Animals Alive’. The 
main object of the work is to indicate, as succinctly 
as possible, the relations of man to the animal world 
and the relations of various types of animals to each 
other, to the plants and to the physical environments, 
whether on land, in fresh waters or in the seas. Finally, 
he has tried to assess the relationships of the liv ing 
world to the universe as a whole. This big task the 
author has attempted to carry out in 38 Chapters 
arranged in four Sections: the first deals with Man 
and the Animal World, the second with Land Animals, 
the third Freshwater Animals, and the fourth Animals 
constituing the Sea Life. In reviewing the whole of 
animal world including all the diverse classes of animals, 
such as w r orms, molluscs, insects, fish, reptiles, birds 
and mammals, the author has produced a work on 
Natural History of a very high order. 

As lie has described in this book, animals are found 
at almost the highest altitudes, above the mountain 
peaks, and in the ocean depths up to roughly 4 miles 
living on the dead-sea animals and plants in varying 
conditions of life. As such, they exhibit a very 
high degree of adaptation to the type of milieu which 
each class frequents and to which it is beautifully adap- 
ted. The extraordinary sizes of some of the animals, 
such as, the 80ft. tropical sea worms, the huge whales, 
squids and land animals like the elephant etc., are 
described in their proper context and with these are 
also Considered the minute water animals which are 
found swarming in freRh and saline waters. The pecu- 
liar life histories of different classes of insects and other 
pnimals and the great changes undergone by them 


during their development and the intricate adap- 
tations of animal life to the extraordinary balance 
of nature established in the various types of milieus 
are discussed in a very readable form. In short, 
the w'ork provides one of the most interesting and 
authoritative monographs on a subject w r hich should 
interest not only the zoologists but also the lay man. 
The only criticism one w ould offer is that it is a highly 
concentrated melange and, as such, is not often easy 
to digest. The book is copiously illustrated, but the 
figures, though accurate, cannot be regarded as highly 
artistic. The book is exceptionally well-produced 
and considering its size and the material, the price of 
4.00 dollars is not excessive. 

B . P. 


Water Transport • Origins and Early Evolution — 

By James Hornell : pp. XV f 307, Plates 1 to XLV 

and a Map showing Distribution of Types. Cam- 
bridge University Press, 1046. 

Mr Hornell in this work sums up his own researches 
on boats, dugoutsand rafts in different parts of the world, 
and also fully utilises the labour of other scholars in 
this field. As Director of Fisheries in India and Ceylon, 
during the greater part of his life, and a specialist in this 
field who worked in numerous areas in Oceania, 
Indonesia, Africa, and Asia Minor, Mr Hornell 
had unrivalled opportunities of observing water 
craft of various types. The numerous monographs 
arid papers contributed by him in different journals 
and publications have placed beforo the anthro- 
pologist his earlier observations. In this latest 
publication, Mr Hornell has discussed the entire data 
available, and tried to formulate theories of origin 
and different types of w r ater crafts. 

In the firs l part of the work the author describes 
different types of floats and rafts; in the second part he 
describes skinboats and in the third and last part bark 
canoes, dugouts and plank built boats. With regard 
to the types of rafts and floats described in part A it 
is permissible to point out that the gourd raft occurs in 
India and has been described (Chattopadhyay, K.P., 
Two Indian Rafts, J.R.A.S.B.Y ol. X, 1944). Also shola 
bhela of a somewhat more elaborate kind than that 
mentioned by Hornell occurs in North Bengal and is 
used for fishing on the wide marshes of that area 
(Chattopadhyay, ibid). 

The sections on origin arc not so rich in detail 
as the descriptive portions. The study of elaborate 
skin boats — the curragh, the umiak and kayak— starting 
from the simplest types, is masterly. The derivation of 
the umiak and kayak from the coracle is however -1 
distinctly inadequate in detail. The section entitled 
“The generic relation of the bark canoe to dugouts and 
plank built boats” is much more convincing. The 
plates illustrating different types of watercraft are 
excellent. There is also a voluminous bibliography 
apd a good index. 
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Aircraft Structural Analysis — Edited By G. N. 

Mangurian and Norman M. Johnston. Prentice- 

Hallrlnc., 70, Fifth Avenue, New York II, N.V., 
U.8.A. Cloth, 6" x9", pp. viii+418, 1948. Price 

$. 8 . 00 . 

The developments in the production of aircraft 
structures, from the pioneering period of Wright brothers 
some five decades ago upto the present, have necessi- 
tated a deeper and fuller understanding of the principles 
of the theory of structures and their applications in 
aircraft design. The outcome of this can be seen in the 
number of texts and reports now published on this 
subject. The present volume is one among many 
such publications, and aims to give an engineering 
draftsman a grounding in the principles of designing 
aircraft components, and to familiarise him with the 
elementary principles of stress analysis. 

The special merit of this work lies in the fact that 
it has been prepared by the staff of Glen L. Martin 
Company, — America's, foremost aeronautical concern 
— and therefore contains, as should be expected, a 
wealth of practical information on structural design, 
usually not found in ordinary tests on the subject. 
As the emphasis is more on the practical than on the 
theoretical side, a slight looseness in technical termino- 
logy is observed at places. The methods and proce- 
dures are described through actual examples of pro- 
blems encountered in aircraft engineering. Beginning 
with the loads on a basic structure, the analysis on a 
detailed structure are given, followed by selection of 
material, design of section, determination of stresses 
and their comparison with allowable, stress. 

There arc six chapters dealing with the subject of 
structural fastenings with rivets and bolts but nowhere 


among them is any mention made of the technique of 
welding in any form. On page 336, while discussing 
the question of weight saving a casual mention is made 
of welding and brazing, but no attempt is made any- 
where to describe its underlying principles. The growth 
and development of monocoque and semimonocoque 
structures, as well as high performance low drag airfcils 
have enormously increased the value and applications 
of welding in aircraft and the reviewer was therefore 
surprised to find a conspicuous absence of this 
subject from the text. A chapter or two on 
the general principle of this fabricating* technique 
would certainly have added to the completeness 
of this work. Among the various tables given 
in the Appendix, Table 49 on page 393 giving 
the ‘'Materials Properties — Sheet Stock”, is the most 
interesting and one which the reviewer believes is pub- 
lished for the first time in such a comprehensive man- 
ner in a text. After giving the values of the mechani- 
cal properties a comparison of wood, plastics, alumi- 
nium, magnesium and steel alloys is made as regards 
their relative weight for equal strength and relative 
weight for equal stiffness, with aluminium alloy 248T 
•as a standard. As many as seventeen different alloys 
and forms of these materials are compared and their 
uses in the various components of an aircraft are 
specified. A very lucid picture is thus afforded from 
this table of aircraft structural materials. 

Good illustrations, simple and straightforward 
approach and systematic methods of presentation 
render this text useful to aeronautical draftsmen and 
undergraduate engineers. 

8. K. G. 


LETTERS TO THE EDITOR 

[The Editors are not responsible for the views expressed in the letters .] 


MULTI-HEADED SORGHUM 

The attention of the writer was drawn to a Jowar 
plant Sorghum vulgare Pers., which bore seven panicles 
in 1945 season. Since the seeds had already formed, 
no attempt was made to self it. The plant grew singly 
far away from Sorghum crops and very likely w as self- 
pollinated. Only a few seeds could be obtained from 
this plant, which is considered as F*. 

In 1946 season, the seeds w r ere allowed to germinate 
in April, when the first shower came. Only one plant 
survived. During stormy weather, it had fallen ; 
but the growth continued along the ground to a consi- 
derably long distance. This plant bore 5 panicles as 
shown in the inset of the photograph, 


Before the flowers opened, the panicles were bagged 
individually and seeds were collected separately from 
each panicle. This plant was designated as F 2j having 
the following characters : 

Culm stout, 5 1 meter high, total number of nodes 53, 
average circumference at the nodes 12 cms., at intemodes 8, 
cms., intornodes 10 cms., and adventitious roots continue to 
the 35th node. Leaf blades up to 1 meter long and 9 cms. 
wide with no chlorophyll deficiency. Sap-colour whitish, stalks 
pithy and full, panicles loose, elliptic-oblong, spikelets with 
green pedicels, length of panicles from 18-25 cms. and breadth 
10-18 cms. Peduncles erect, rachis elongate, striate and shal- 
lowly channelled. Branches many at nodes, spreading, flexuous, 
base stout and hairy. Racemes 3 to 5-noded. Sessile spike- 
lots elliptic to elliptic-oblong, acute apex, 5-6 mm. long and 
2-2.5 mm. wide when in flower and 3-3.8 mm. wide when in fruit. 
Coarsely hairy throughout, except the tip. The pediceUed 
spikelets linear, subulate, neuter, often reduced and persistent. 
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THE INFLUENCE OF VARIETY ON THE PROTEIN 
• CONTENT OF GROUNDNUT (ARACHtS HYPOGfCA) 

Varietal differences in protein content of cereals 
and pulses were observed by several workers. 1 Among 
groundnuts there are large number of varieties and 
the information on their protein content as affected 
by variety is quite meagre. The present investigation 
was taken up with a view' to determining variations 
that might exist in the protein content of a number of 
breeding stocks and trial varieties of groundnut. The 
varieties used in this experiment were grown under 
identical conditions at Hcbbal Agricultural Farm, 
Government of Mysore. 

The protein values are calculated from the content 
of the defatted material estimated according to the 
method of Chibnall et al 2 and the results are summa- 
rized in 'Fable L 

'Table 1 


Description of the material 

Protein content 

I. Spreading, commercial varieties. 


1) Mauritius (G 0115) 

53.5 

2) Mysore local (G 0120) 

49.2 

3) Virginia (G 0284) 

51.0 

4) Big Japan (G 0020) 

52.2 

5) Carolina (G 0088) 

47.3 

6) Pondicherry (G 0126) 

50.9 

IT. Spreading, improved varieties 


7) 1), (G 0788) 

46.3 

8) T,, (G 01*97) 

52.4 

9) West African (G 0768) 

53.1 

10) Bantu selection G(0771) 

48.8 

11) Pondicherry No. 8 (O 0787) 

52.4 

12) Ba«si (G 00 19) 

59.9 

13) Phillippino white (G 0125) 

48.4 

14) A, Nambyquearsc (G 0123) 

51.0 

III. Early, erect, varieties 


15) Valent ia (G 0261) 

57.1 

16) TomiOBHOP White (G 0226) 

54.4 

17) Small Japan (G 0131) 

56.1 

18) CormntOH (G 0105) 

56.0 

19) African white (Cl 0003) 

52.6 

IV. Erect late varieties 


20) African red (G 0001) 

48.1 

21) A.K. 8-11 (G 0784) 

50.1 

22) Bunch Virginia (G 0281) 

52.8 

23) H. Oi (G 0106) 

53.2 

• 24 ) Castle cary (G 0970) 

47.7 

25) Samaru (G 0973) 

44.6 

26) Saturngroy (G 0791 ) 

45.3 

V. Hybrids 


27) Hybrid (G 0553) 

50.9 

28) „ (G 0480) 

49.7 

29) „ (G 0385) 

48.5 

30) „ (G 0341) 

58.8 

31) „ (G 0549) 

52.1 

32) „ (O 0184) 

47.4 

33) „ (G 0779) 

48.1 

34) (G 0717) 

56.3 

35) „ (G 0173) 

54.8 

36) „ (G 0343) 

49.3 


From the results in the above table it is clear that 
1 there is quite significant difference in the protein values 
of various varieties of groundnuts — the range being 
44.6—59.8 gras, of prqtgjq perlOO gras, of defatted flour. 


Since the conditons under which they were grown 
are identical, the main contributing factor for their 
difference is variety. 

Our thanks are due to Prof. V. Subrahmanyan 
and Dr K. V. Giri for their keen interest in the above 
work and also to Dr L. S. Daraswamy, Economic Bota- 
nist, Department of Agriculture, Government of Mysore 
and his assistants for supplying the material used in 
the above investigations. 

K. K. ItEDDt 

R. Bhaskaua Rao 

Department of Biochemistry, # 

Tndian Institute of Science, 

Bangalore, 22-12-1948 

1 Lipman, J. G., & Biair, A. W., Soil Science, 1, 171, 1918; Roberts, 
H. F., J. Agri. Sci ., 10, 121, 1920; Frank T., Shutt. Can. 
Dept. Agri. Kept., 1930; Whiteside* A. G. 0. Cun. J . 
Research, 14 , V , 387, 1936. 

* Chibrutll, A. C., Room, M. W. and Williams, E. F., Biochem. J., 
37 , 354, 1913 


AN INTERESTING CASE OF BOTANICAL 
NOMENCLATURE 

When a plant has a. number of synonyms the correct 
or the legitimate name is generally ascertained on the 
basis of the earliest published valid name. This method 
is sometimes complicated when two such names referr- 
ing to the same plant are published on the same day. 
In the present note, we shall briefly refer to two such 
instances already recorded by Chatterjee, 1 * 2 and add 
a third one for the first time. 

Jt was pointed out that by a curious coincidence 
both David Don and Robert Brown independently 
described a plant on the same day under the names 
Jacaranda mittnmfolia D. Don and Jacaranda avail- 
folia It. Br. Both these names were validly published 
with proper descriptions and plates, and as they both 
refer to the same plant, they are to be regarded as 
synonyms. As rules of priority cannot be applied, 
the correct name is determined by the name adopted 
by a subsequent author and thus Jacaranda mimosi- 
folia J). Don was accepted. In this case, either of the 
two names was validly published and the names in the 
text agreed with the names in the plates. Very rarely 
however, the corresponding names in the text and in 
the plates do not agree, and according to the rules, plates 
published prior to 1908 may validate a species if they 
are accompanied by a name and analyses of essential 
characters. When Royle 8 published a description of 
Incarvillm arguta Royle, he gave a coloured plate to 
illustrate his plant. In the corresponding coloured 
plate, the given name is not Incarvillm arguta Royle as 
is expected, but Incarvillm diffusa Royle. Both these 
names are therefore validly published by the same 
author in the same work. Fortunately, we now know, 
that Royle ’s work was issued in fascicles and the plate 
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containing the name Incarvillea diffusa Royle was 
published and distributed some five months earlier 
than the corresponding text. Therefore, under the 
rule of priority, the earlier name available on the plate, 
i.e., Incarvillea diffusa Royle, has been regarded as the 
correct name. 

Wo have now discovered another instance which some 
what combines the case of Jacaranda and Incarvillea. 
This refers to two names Phigiopteron suaveolens Grif- 
fith .(the nape in the text), and Plagioptero?i fragrans 
Griffith (the name in the plate). Both these names 
denote only one plant and were validly published at 
the same time. 4 The plant belongs to Phigiopteron 
— a genus of uncertain position in the order Malvalcs. 
When Griffith described the genus, he suggested that 
it might belong to Malpighiacesc or Sapindacew. Later 
Masters 5 , Kurz 0 , 7 and Warburg 8 put it in Tilmcew , 
M alp ighiace a; and Fla coyrtia cede respectively. Subse- 
quent authors mostly followed Masters. Recently 
Gilg 0 has put Phigiopteron at the end of Fhicourtiaceae 
under genera of uncertain position and suggested that it 
belongs at least to Mai vales, Gilg says, “ phigiopteron 
Griffith ist sehr wenig bekannt. Nach der Besehreibung 
mochte ich die Gattung zu den Malvales stellen.” 

The plant is described under the name Plagiop- 
teron suaveolens Griffith, and figured in the next page 
w r ith analyses of floral parts under the name Plagiop- 
teron fragrans Griffith. So, technically both these 
names were, validly published on the same day. The 
correct name will therefore be ascertained by the name 
adopted by the first subsequent author. This happens 
to be Masters as shown below : 

PL AG1 OPTERON FRAGRANS Griffith — Masters 
in Hook.f. FI. Br. lnd. 1 : 399. (January, 
1874) 

Plagiopteron suaveolens Griffith — Kurz in Journ. 
As. Soc. Bengal 43 : pt.2, 138 (October, 
1874) 

It will be noticed that although Kurz adopted 
the name Plagiopteron suaveolens Griffith in the same 
year as Masters, he was at least eight months behind 
Masters in his publication of the name. Subsequent 
authors like Gamble 10 , Warburg 8 , Brandis 11 , Kanjilal 
and Das 3 - have followed either Masters or Kurz as 
they liked. 

An examination of the type sheet at the Kew 
Herbarium shows that the name Plagiopteron fragrans 
Griffith is written in Griffiith’s own hand (the writing 
exactly agrees with a number of Griffith’s original 
letters to Sir William Hooker which are preserved in 
the library of the Kew Herbarium). The same name 
(i.e., Plagiopteron fragrans Griffith) occurs in the plate 
no. 13 and again as a heading to the explanation of 
the place (i.e. 24b). All these support the view that 
Griffith actually intended to call his plant Plagiopteron 
fragrans . In our opinion, the other name, which occurs 
only once in the text (lx. 244) may have been used by 
Griffith unintentionally. We find from the text that 


he compares the odour of his Plagiopteron w ith another 
plant Roydsia suaveolens. It may be quite possible 
that at the time of writing the text he was influenced 
by the specific epithet of this other name and used it 
by an error — the two epithets suaveolens and fragrans 
conveying the same meaning. Griffith’s type sheet in 
the Kew r Herbarium does not bear any field number. 
The number cited by Kurz 0 (i.e., G79) evidently refers 
to the Kew Distribution number which was given when 
Griffith’s specimen was later distributed from Kew. 


Royal Botanic Gardens, Kew. D. Chatterjke 

Forest Research Institute M. B. Raizada 

Dchra Dun. 

1-2-1949 

1 Bull. Beny . Bot Soc., 2, 77, 1 948. 

2 Kew Bulletin , 185, 1948. 

3 lllustr. Himal. PL, 290, May, 1830. 

4 Calc . Journ . Nat . Hist., 4 , 244-40, 1844. 

• * Hook. /. FI. Br. lnd., I, 399, January, 1874. 

0 Journ. As. *S 'oc. Bengal , 43: pt. 2, 138, 1874. 

7 For. FI. Br. Burma , 1, 172, 1877. 

VEngl. Pflanzenfttin., 3: 6a, 55, 1894, 21, 456, 1925. 

10 Man. lnd. Timbers , 52, 1881, 

Ji lnd. Trees , 93, 1906 

12 Flora of Assam, 1, 169, 1934 


5,0— BENZOQUINALD1NIC ACID AS AN 
ANALYTICAL REAGENT 

This reagent was prepared by the oxidation of 
f>,6 — benzoqumaldine according to the method of 
Hammick 1 with a little modification; the base of m.p. 
f>4 C. (picrate of the base melts at 222°C. with decom- 
position) was prepared by modifying the method of 
Doebner and Miller 2 . r l his reagent of m.p. 187 U C, 
is soluble in alcohol, acetic acid, less soluble in hot 
water, and sparingly soluble in cold water. It was found 
that practically all the bivalent metals are precipi- 
tated by the reagent. Copper gives a light green crys- 
talline precipitate. With Cd, Co, Ni, Mg, Oa, Sr, 
Ba, Zn, Mn, Ag, Hg, Pb, etc., white precipitates are 
obtained. Copper salt is sparingly soluble in dilute 
mineral or acetic acid, but dissolves in strong acids, 
in large excess of ammonia and also in cyanide solu- 
tion. All other salts are more or less soluble in dilute 
acids. Ba, 0a, and Sr, — salts are soluble in hot water. 
Zn, Mn, Ag, Cd, Co, and Ni — salts are soluble in cyanide 
solution. Ammonium acetate dissolves the mercuric 
and lead salt of the reagent. The Copper salt dried 
at 1 10 Q — 120°C. is of composition (C l4 H# N0 2 ), Cu, 
HH,0. With ferrous salt the reagent gives a red 
coloured compound which dissolves in a solution of 
cyanide. The intensity of the coloured system thus 
produced varies with the concentration of the ferrous 
ion. 

Details of. the work regarding the preparation 
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ar\d us© of the reagent for the estimation and sepa- 
ration of metals will be published elsewhere. 

Ajit Kumar Mallik 
Anil Kumar Mazumpar 
Inorganic Chemistry Laboratory, 

College of Engineering and Technology, Bengal, 
Jadavpur (near Calcutta), 15-3-1949. 

1 Hammick, 123, 2882, 1932. 

* Doebner and Miller, Ber, 17, 1711, 1884. 


NO-RAIN-FALL WEEKS AT PATIALA 

Mahajan had previously studied the Rain-fall 
Frequency at Patiala 1 , Rain-fall in Patiala State 2 , 
and Rain-fall at Patiala 8 . The weekly rain-fall at 
Patiala of the last fifty years has since been studied . 

The daily rain-fall data of Patiala for the years 
1900-1948 were collected from various sources e.g 
the Meteorological Observatory, the Irrigation and 


The number of quarters (weeks) having no-rain- 
fall associated with them, during the period from 
1900-1948 A.i). were calculated and are given below 
in Table 1 which also indicates the percentage of proba- 
bility of no-rain-fall in a quarter (week) and a 
month. 

The table shows that the first quarter (week) of 
November has the maximum probability of no-rain- 
fall (94%). The third week of November' and first 
week of December have also equally very high proba- 
bility of no-rain-fall (92%). The second and the fourth 
weeks of November have 86% probability. The third 
and the fourth weeks of April have also high probability 
(82% and 84% respectively). 

The minimum probability of no-rain-fall(4%) occurs 
in the last week of July and next to it, in the first week 
of August (8%). The other weeks of July and August 
have also low probability. 

, Thus the minimum 'probability of no-rain-fall is 


Table I 


Period. 1900 1948 A. D. — 49 years. 


1st 7th day 8th 16th day 16th 22nd day 23 ^ ie mo ^ of Monthly Total 
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No. of 
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No. of 
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~ t woeks of 

probability 

weeks of 

probabili- 

weeks of probabili- 

weeks of probabili- 

weeks of 

probabili- 

C 3 no-rain- 

of no-rain- 

no -rain- 

ty of no- 

no-rain- 

■ ty of no- 

no-min- 

ty of no- 

no-rain- 

ty of no- 

<jr | A Months 

fall 

fall 

fall 

rain-fall 

fall 

rain -fall 

fall 

rain-fall 

fall 

rain-fall Remarks. 

1 2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 13 

1 January 

31 

63.3% 

24 

49.0% 

25 

51.0% 

26 

53.0% 

106 

54 . 1 % Total numbej 

2 February 

24 

49.0% 

27 

55.1% 

26 

63.0% 

31 

63.3% 

108 

55.1% of years ’49. 

3 March 

25 

61.0% 

27 

65.1% 

33 

67.5% 

30 

61.2% 

115 

68.7% 

4 April 

34 

69.4% 

37 

75.5% 

40 

81.6% 

41 

83.7% 

152 

77.6% Total number 

5 May 

38 

77.6% 

32 

65.3% 

30 

81.2% 

34 

69.4% 

134 

68.4% of quarters 

6 June 

25 

61.0% 

25 

51.0% 

21 

42.9% 

1.3 

26.3% 

84 

42.9% ~19tf. 

7 July 

11 

22.6% 

7 

14.3% 

7 

14.3% 

<) 

4.1% 

27 

13.8% 

8 August 

4 

8-2% 

9 

18.4% 

7 

14.3% 

6 

12.3% 

26 

13.3% 

9 September 

13 

26.6% 

13 

26.5% 

25 

51.0% 

26 

63.0% 

77 

39.3% 

10 October 

38 

77.6% 

40 

81.6% 

38 

77.6% 

39 

79.5% 

155 

79.1% 

11 November 

46 

93.9% 

42 

85.8% 

45 

91.8% 

42 

85.8% 

175 

89.0% 

12 December 

45 

91.8% 

37 

75.5% 

32 

65.3% 

33 

67.3% 

147 

75.0% 


Revenue Offices etc. The weekly rain-fall of all months 
of all the years was calculated as follows : 

In order to simplify matters, each month is 
divided into four quarters (weeks). 

First Quarter : — 

(i) 1st day to 7th day of a month.— 7days "] 

Second Quarter : — f Jmonth 

(it) 8th day to 15th day of a month. =8 daysj 
Third Quarter:— 

’ (tit) 16th day to 22nd day of a month— 7 days"] 

Fourth Quarter : — f Jmonth 

(tv) 23rd day to 28th, 29th, 30th or 31st f 
of a month. =6-9 daysj 


from 23 rd July to 1th August and maximum probability 
from 1st November to 7th December . 

The monthly probability of no-rainfall is given in 
the column 12 of Table I. The month of November 
has maximum probability of no-rain-fall (90%). The 
months of October, April and December have also high 
probability, the values being 79%, 78% and 7,5% res- 
pectively. 

The minimum monthly probability occurs in August 
(13%). The month of July has also equally low probabi- 
lity (14%). 

Thus the monthly probability also confirms that 
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the month of November has maximum probability of 
*no-rain-fall and July and August the minimum probabi- 
lity. 

The authors arc grateful to the Governments' of 
Patiala and East Punjab States Union, Patiala, for 
providing facilities to conduct scientific research. 

L. D. Mahajan 
D. S. Bhamdkl 

Meteorological Observatory, 
and 

Research Laboratory, 

Patiala. 1-2-1949. 

1 Malmjan, L. P., Current Science 11, 62-65, 1942. 

V Mahajan, L. P. Science and Cui.tuke, 0 , 395-397, 1944; 
13, 389-390, 1948. 


ELECTRON MICROGRAPHS OF CERTAIN 
TEST SPECIMENS 

A description of the new electron microscope , 
installed at the Institute of Nuclear Physics, Calcutta 
has been published recently 1 . In the present communi- 
cation a few micrographs obtained with the new ins- 
trument are presented. These micrographs were 
taken with an energy of 50 ekv, at the preliminary stages 
of adjustment of the instrument. Many metallic and 
non-metallic smokes were examined as test objects, 
a few familiar types of bacteria being also investigated. 
Fine particles present, in the oxide smokes of certain 
metals like magnesium and zinc show well defined 
characteristic shapes when examined under the electron 
microscope, in general, they have a wide range of 
size distribution and are quite stable under intense 
electron bombardment, so that they serve as good 
test objects for cheeking the operation and performance 
of the microscope. 



Fig. 1. Magnesium Oxide Smoke. X 21,000 

The four plates reproduced here are the early 
electron micrographs of three oxide smokes and a 
bacterium. Fig. 1 shows magnesium oxide. The 
specimen was prepared by burning magnesium metal 

0 


in air and collecting the oxide smoke oil bare wire- 
screen having 200 meshes per inch. The oxide partic- 
les tend to form chains reaching out from tho edges 
of the mesh wire towards the centre of the mesh openings 
and do not require any supporting film. The micrograph 
indicates the oxide particles to bo perfectly regular and 
cubical. This can be correlated with the fact that 
magnesium oxide is an ionic crystal having a simple 
cubic space lattice. 



Fig. 2. Carbon Particles. X 10,000 

Fig. 2 shows carbon particles, the specimen being 
made by burning benzene in air and collecting the soot 
on a bare wire mesh. The structure of the individual 
particle is not revealed clearly in the micrograph, hut 
the chain formation is fairly apparent. 



Fig* 3. Zinc Oxide Smoko. X 14,500 
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Fig. 3 is the electron micrograph of zinc oxide, the 
object being prepared by burning pure zinc in an oxy- 
coalgas flame and collecting the smoko as above. The 
skeletal tetrahedral appearance of ZnO particles can be 
observed. It is known that crystals of ZnO are di he- 
xagonal polar, and explanation for this difference as 
suggested by Barnes and Burton 2 is that these are 
skeletal crystals which would assume hexagonal forms 
on continued growth, the preferred direction of growth 
being the Zinc-oxygen tetrahedral configuration of the 
space lattice. 



Fig. 4. Bacillary and Filamentous form of E-Coli. X 10,000 

Fig. 4 is an electron micrograph of the bacillus 
E. Coli. A droplet of the bacterial emulsion in dis- 
tilled water was placed on a wire mesh covered with 
a thin collodion film and examined as such in the micros- 
cope after desiccation. The rod-like shapes are clearly 
evident. 

The individual magnifications are indicated under 
each micrograph. 


STUDIES IN THE CATALYTIC PRODUCTION OF 
BUTADIENE FROM ETHANOL II 

During the course of our investigation on the 
production of Butadiene from Ethanol, a Catalyst with 
Magnesium oxido-Silica- Aluminium oxide in the propor- 
tions 75.15: 19.8: 5.058 respectively was developed and 
studied (Catalyst If). 1 

The effect of temperature on the yield of various 
products was studied, and the following data were 
computed. 

Table 1 



Gas gone- 

Butadieno 

Butadiene 




rated per 

yield on 

output in 

Hydrogen 

EtOH 

Temp. 

kg.EtOH 

EtOH con- 

gms per kg. produced 

Uncon- 

feed stock 

verted % 

EtOR food 

(in litres) 

v or tod. 


litres 

stock 

o/ 

/o 

400°C 

63.22 

7.12 

14.63 

23.10 

79.45 

420°C 

269.00 

34.40 

176.80 

76.54 

48.57 

450'U 

259.70 

33.44 

173.90 

88.88 

48.00 

,475°C 

371.90 

34.34 

215.80 

1)5.52 

37.14 


It will be observed from graph I that though the 
amount of ethanol decomposed and the amount of 



Thanks arc due to Prof. M. N. Saha and l)r N. N. 
Dasgupta for the laboratory facilities. 


Barid B. Sen 
M. L. De 
A. K. Chaudhury 
D. L. Bhattacharya 


Biophysics Section, 

The Institute of Nuclear Physics, 

University of Calcutta. 15-24949. 

1 Da a Gupta, N. N., Do, M. L., Bhattaoharya, D. L., and Chau- 
dhury, A. K., Ind. Jour . Phys,, 22, 497, 1948. 

* .Barnes, R. B., and Burton, C. 3., Ind. Eng. Chem., News Ed., 
Am. Chem, Soc., 19, 965, 1941. 


the gas generated increase with temperature, the 
yield of butadiene (on ethanol converted) is maximum 
at 420°C. This therefore is the optimum temperature 
for this catalyst. The amount of by-products, e.g., 
unsaturated hydrocarbons etc. produced at 475°C. 
is much higher than at 420°C. as can be notice4 from 
graph II wherein the ratio of total butadiene produced 
to the remaining unsaturated hydrocarbons in the gas 
mixture has been plotted against temperature. 

Table II 


Temperature 

“A” 

Butadiene pro- 
duced litres 

— — 

“B” 

By-products (other 
unsaturated hydro- 
carbons) litres 

Ratio A/B 

400°C 

0.240 

0.649 

0.370 

420°C 

2.900 

1.744 

1.663 

460°C 

2.851 

2.929 

0.973 

475°C 

3.540 

6.070 

0.698 
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Butadiene for purposes of polymerisation must 
be of adequate purity. The formation of by-products 
has therefore to be minimised and a working tempera- 
ture of 420°C, is therefore most suitable. 

Further work is in progress and details will be 
published elsewhere. 

Our thanks are due to Sir J. 0. Ghosh and Professor 
B. Sanjiva Rao for their keen interest in this work. 

R. Skinivasan 
G. I). Haziia 

Pure and Applied Chemistry Department, 

Indian Institute of Science, 

Bangalore. 17-2-1949. 

1 Srinivasan R. and Hazra G.D., Studies in the Catalytic pro- 
duction of Butadieno from Ethanol, Part I, Science and 
Culture, 14, 436, 1949. 


ON THE STABILITY OF VITAMIN A 

Vitamin A is not stablo on storage and its deteri- 
oration is generally ascribed to the gradual oxidation 
of the molecule. As the vitamin is usually present in 
some fat or oil, this oxidation is believed to be due to 
an onset of oxidation in the unsaturated molecule 
of the latter substance. An earlier observation of 
Basu 1 tonds to indicate that the deterioration of vitamin 
A cannot bo accounted for by the above change only. 
Vitamin itself is an unsaturated body and undergoes 
oxidation. The susceptibility to this oxidation is 
again being found to be dependent on its chemical 
nature as the vitamin A in the form of an ester is more 
resistant 2 * 8 than the free vitamin which is an alcohol. 
The oxidation of vitamin in any food fat or medicinal 
oil may, however, be controlled to a considerable extent 
by incorporation of some suitable anti-oxidant 1 , 4 , 6 . 
In order to find out its cause and nature of oxidation, 
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an investigation has boon undertaken and the results 
so far obtained, are being recorded bore. 

A vitamin concentrate containing 2xl0 5 LU. 
per gm. was incorporated in liquid paraffin (B.P.), 
purified arachis oil, glyceryl mono laurate mixed with 
paraffin oil (1:1) and ethyl oleato in such a way that 
the initial concentration of the vitamin comes to near 
about the potency of oleum vitaminatum (B.P. 1932). 
Air (4 c.c. per second) purified and dried, was passod 
through the systems kept in a thermostat adjusted 
to 33 °0. in the case of the, latter two substances and at 
room temperature (28-29°C.) in the former two cases. 
The vitamin A potency was determined with a vita- 
meter A (Adam-Hilger). Another series of experi- 
ments were also made with similar systems but with 
the incorporation of the antioxidant propylgallato 
(0.05%) or methyl hydroquinone (0.05%). 

Table 

Loss in Vitamin Potency on Aoration 


Fall of Vitamin A potency in I.U/gm 




of 

the preparations 


Hours 








System 

of 

(a) 

<M 

<c) 


Aeration 

Without 

With Pro- 

With methyl 



Antioxidant 

pyl gallate 

Hydroquinone 

Liquid 

33.5 

168 

162 

164 

Paraffin 

64.0 

211 

236 

230 

a) 

90.0 

270 

288 

— 

Glyceryl 

33.0 

83 

19 

14 

Monolaurato 

54.0 

194 

39 

34 

cum 

88.5 

265 

61 

50 

Paraffin 

119.0 

274 

67 

70 

(II) 





Ethyl 

22.5 

203 

47 



Oloate 

43.5 

270 

78 

61 


74.5 

350 

89 

71 

(HI) 

105.5 

348 

100 

98 

Arachis oil 

24.5 

201 

44 

98 


49.0 

348 

143 

203 

(IV) 

06.5 

412 

200 

223 

87.5 

416 

201 

— 


. From column (a) of the table and the graph it 
might bo noticed that the amount of vitamin A des- 
troyed in a liquid paraffin system (I) increases steadily 
with the time of aeration ; whereas in all other systems 
containing fatty acid esters this amount increases at 
first but tends to become constant with time. The 
incorporation of an antioxidant(propyl gallatc or methyl 
hydroquinone) has apparently no effect in the paraffin 
system, but in all other cases this exerts an appreciable 
protective action on the vitamin. The anti-oxidants 
are again exerting their maximum effect in saturated 
gyceride system (II), less so in unsaturated fatty acid 
ester (system III) and still less in natural fat (system 
IV). The two anioxidants studied do not appreciably 
differ in their power of retaining the potency of vitamin 
A in the latter three systems; but propyl gallate, however, 
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imparts a tinge of colour to the preparation most pro- 
bably due to its reaction with some trace metallic 
elements. 



If the inherent characteristic of Vitamin A under- 
going deterioration on oxidation bo controlled by some 
chemical and/or physical means the problem of its 
deterioration in natural or fortified edible products 
may be more easily controlled. With this end in view 
the investigation is being further continued with vitamin 
A alcohol as well as its ester in simple esters of saturated 
fatty acids and also in liquid paraffin system containing 
glycerides and esters of saturated and unsaturated fatty 
acids. 

IT. P. BaSU 

Hukhamoy Bkattacharya 
Bengal Immunity Research Institute, 

Calcutta, 17-2-1949. 

1 Basu, U.P., Ann. Biochem. Exp. Med., 1, 165, 1941, 

•Baxter and Robeson, J. Amer. Ohem. Soc., 64, 241 1, 1942. 
•Basu & Ron Gupta, J. Amer. Ohem,. Hoc., 70, 413, 1948. 

• Whipple, D, V., Oil db Soap , 13, 231, 1936. 

» Lowen, Anderson and Harrison, Ind. Eng. Chem., 29, 151, 1937. 


DIELECTRIC CONSTANT AND MOLECULAR STRUC- 
TURE OF HEXACHLOROCYCLOHEXANES 

Hexachlorocyclohexane, formed on addition of 
chlorine to benzene in presence of sun light, is a mix- 
. ture of a number of isomers, out of which the y isomer 
•melting at 112.5°0. possesses outstanding insecticidal 
properties 2 . From the commercial mixture we have 
isolated four isomers a,/?, y a*nd Smelting at 158°, 309°, 


112.5° and 138°C respectively by fractional crystallisa- 
tion from methyl alcohol and measured the dielectric 
constants and densities in various solvents. The 
electric moments have been calculated by applying 
the new simple equation 1 

M M 

r -(*-!) ^ ,P E d 


and P-P B 


- for pure liquids and 


P 


12 ~ 


(e 1 2 — 1 )(M j/i +M?/ 2 ) 

d u 


« P1/1+P*/. 


and P 2 — P K 


47tN6 2 

KT" 


for solutions. The results arc summarised in the fol 
lowing table. 


jKomer 

Solvent 

6.10™ 

a 

f Benzene 

1.73 


[ Dioxano 

1.70 

P 

( Bonzene 

0.00 

{ Dioxano 

0.00 


C Pure molten liquid 

2.58 

y 

5 Benzene 

2.53 


t Carbon tetrachloride 

2.50 


C Dioxane 

2.58 

5 

t Benzene 

0.00 

In ft isomer all the six chlorine i 

itoins are equatorial 


(parallel to the plane of the ring) whereas in 8 the 
chlorine atoms 1,2,4 and 5 are equatorial and, 3' 6 l 
are polar (perpendicular to the plane of the ring), all 
the six forming opposite pairs. Thus ft and S isomers are 
symmetrical molecules and have zero moment. The 
moment 2.5 D of the y isomer, which has five equatorial 
and one polar chlorine atom is explained as a vector 
of two C-Cl bonds at tetrahedral angle, the remaining 
four bonds cancelling out. The moment 1.7T) for the 
cl isomer molting at 158°C is explained on the basis of 
the flexible boat form, which has the highest energy 
content and which also forms 70% of the product. 
Experiments are under the way to convert this flexible 
form into other forms by catalytic methods. The 
configuration with four equatorial (1,2, 3, 4) chlorine 
atoms and two polar (5', {>') chi nine atoms ascribed by 
Slade to the a isomer, appears to be the probable con- 
figuration of e isomer. 

Full paper will be published elsewhere. 

S. K. Kolkakni Jatkar 
(M iss) S. B. Ktjlkarni 

General Chemistry Section, 

Indian Institute of Science, 

Bangalore. 9-3-1949 

1 Jatkar, Safcho and Iyengar., Jour . Ind. Inst. Sci., 28 A, 
Part II, 1946. 

* Blade, Chemistry and Industry ., 64, 314, 1945. 
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• SHAPE ANALYSIS OF QUARTZ SAND GRAINS IN 
SOME GONDWANA SANDSTONES 

An account of mechanical analysis of Gondwana 
sandstones of the Raniganj, Panchet and the supra- 
Panchet stages of the Raniganj Field has been commu- 
nicated elsewhere 3 . These grades were utilised for 
mineral and shape analysis. After separating the 
heavy minerals by bromoform, the lighter residues 
were carefully split and mounted for measurement of 
the quartz sand grains. 

Individual grains were projected and drawn 
with the help of a camera lueida, and the ratio of the 
area of each individual grain to the area of the smallest 
circumscribed circle, was determined. This ratio was 
designated by Ticked 4 the Roundnoss Number. As 
pointed out by Petti jh on 8 , however, Tickell fails to 
distinguish between roundness apd shape. Roundnoss, 
as shown by Wadoll, is not necessarily a function of 
the shape, and grains having the same sphericity 
(see below) may vary widely in roundnoss. Tiokell's 
number could thus be called the ‘sphericity number’. 
As will be evident the measure gives a close approxi- 
mation to the value of sphericity of the grains, 
the degree to which the grains approach spheres in 
shape. The sphericity could best bo measured by 
comparing volumes (Wadoll : in large grains), in 
smaller grains Wadell compares the diameters of the 
smallest circumscribed circle, and of the circle of an 
equal area. This is similar to Tickell’s measure, and 
in equigranular minerals like quartz this gives a very 
close approach to the true sphericity. 



A C 


FI**' 

The sphericity numbers of the grains measured lie 
within 0,577 to 0.89. The values of the average 
sphericity numbers of the four samples examined 
and the mean deviation are gjven in the table, 
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As will be seen in the table the deviation is not very 
great. 

Tabt.k 


Specimen 

Avorage 

Sphericity 

No 

Mean 

Deviation 

39 (Fig 1, a and h) 

0.723 

0.074 

55 (Fig 2, a and b) 

0.077 

0.058 

45g (Fig 1 c) 

0.713 

0.000 

4f)ft (Fig 2 c) 

0.618 

only 4 grains 
wore measured 


A systematic study of the sphericity and its corre- 
lation with size is in progress and will be published 
elsewhere, together with the detailed work on mecha- 
nical analysis. 

The length and breadth of individual grains were 
measured with the help of a micrometer ocular. The 
length was plotted as abscissa and the ratio breadth : 
length as the ordinate (Ilagerman 1 ). It has been 
found by Hagorman that the scatter diagram plots 
within a recognisable field, the fehape of which depends 
on the condition of deposition and was found to be 
characteristic of different horizons. The Ilagerman 
scatter diagram could he utilised for the correlation of 
b:l ratio and the maximum length to study its bearing 
on the process of sedimentation on a regional basis, 
it is thus suggested that the correlation coefficient 
(r) should be determined to have a definite measure 
of the correlation from measurement of grains from one 
horizon, or from a zone which is likely to reveal the 
nature and direction of transportation. There could 
be no objection to the application of the correlation 
coefficient in this case as both the values are measurable 
quantities that vary continuously and arc indepen- 
dent of each other. 



Fig. 3 


The scatter diagram (Fig. 3) of the grains from the 
sandstones studied describes a roughly elliptical area, 
the limits of b:l lying within 0.55 to 0.95 and with few 
lying beyond. Within this limit again there is a marked 
concentration between ratios 0.05 to 0.95. The corre- 
lation coefficient was determined and a fairly high 
negative correlation (—0.80) was obtained. That is, 
to say within the limits of the b: I ratio in the measured 
cases there is a definite tendency for the smaller grains 
to be equiaxial than bigger ones; though the rate of 
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change q£ this ratio is not very great. In this study 
the measurement grains of all the samples were plotted 
together. 

8. Sen 

Department of Geology. 

Calcutta University, 

Presidency College, Calcutta. 24-3-1949. 

1 Hagerman. T. H. Oeograflska Annaler, 18. 

* Krumlxnn and Pettijhon, Manual of Sedimentary Petrography. 

• Sen and Raychaudhuri, Q.J.G.M.S., 20 , No 3, (in press). 

* Tiekoll. F. G., Examination of Fragmental Rocks. 

• Wttdell. H., Joum. Geol. 40 , 41, 43. 


EFFECT OF GAMMEXANE ON THE ROOT TIPS 
OF CO&BORUS CAPSULARIS LINN 

Variat ion in a crop is necessary for any improvement 
by selection or otherwise. A search for now agents 
which induce mutation is made because of their theoreti- 
cal and practical applications. Several drugs and com- 
pounds are already known to induce chromosomal 
changes , 1 >2 “Gammoxano” dust with the active ingredi- 
ent, gamma isomer of Bcnzoqp hetfaehloride, is consider- 
ed likely to produce such abnormalities and is tried on 
jute to see whether it can be used to induce variability. 

Seeds of Corchorus capsular is (1)154) were sown in 
petri dishes for germination. For rapid and uniform 
germination, they were treated with concentrated H 2 
So 4 for five minutes and washed thoroughly before 
sowing. When the radicles had grown to about 0.5 cm. 
in length, “Gammexane” dust (D.025) in water was 
poured into tho, petri dishes. Solutions of 1.0% (1 
gm. in 100 co of water), 0.5%, 0.1 %, 0.05% and 0.01% 
were used, Solubility of “Gammoxano” is very slight 
and so the mixture was shaken well before pouring 
and the mixture with suspended particles was poured in. 
They were treated with 1.0% for 24 hours and 
48 hours for the rest. In all the cases there was swell- 
ing of root tips after 24 hours except in 0.1 %. The seeds 
were washed thoroughly and, were allowed a recovery 
period of 16 to 20 hours in each case. The lot treated 
with 1.0% solution appeared to be slightly toxic as 
some radicles turned brownish and appeared unhealthy. 

The root tips were fixed in Or AF solution between 
.10 A.M. and 1, P.M. and stained with Gentian Voilet. 

The usual features associated with polyploidising 
drugs were noticed. Cells were in many cases bi- 



* 

Fig. 1. Diploid (un treat- Fig. 2. Tetraploid meta- 

ed) metaphaae plate phase plate with 0.5% 

2n «« 24.x 3500. * treatment 2%** 28. X 3500. 

'or multinueleate. The chromosomes in general were 
more condensed than the normal. From clumped 
nuclear material in extreme cases to compact meta- 


phase polyploid plates were seen. While metaphase 
plates with higher numbers were noticed, tetraploid , 
plates with 2n-~28 (Fig. 2) with some diploid numbor 
(2n= 14, Fig. 1) was the common feature. The 

presence of diploid plates could be seen more fre- 
quently in lower concentrations. Spindle formation 
was inhibited resulting, in polyploid numbers. The 
cliromosomes in several cases wore scattered. In 
such cases those groups of chromosomes appeared to 
organise into separate nuclei. Two tetraploid meta- 
phase plates in the same cell were observed. This 
was due to lack of co-ordination between karyokinonis 
and cytokinesis as the chemical affected tho cytoplasm 
mainly. 

During tho progress of our observations 3 , Kostoff 4 
reported the polyploidising nature of insecticide, Agro- 
cides 3.7 and fungicide “granosan,” the active ingre- 
dients being hexachlorocyclohexano and Ethyl mercury 
chlorido respectively. Polyploidy was induced with 
hexachlorocyclohexano and polychlorocyclane sulphate 
by Quidot and Hitier 5 in Nicotiana labacuw stem tips 

* with 8% dust and AUiunccpa roots with 0.0J%. The 
latter observed multinueleate cells and rarity of cell 
divisions. 

While the gonotieal aspect is being investigated, 
it may be pointed out that the polyploidising effect 
of insecticides “Agroeides” and “Gammoxano” on 
root tips demands caution in their usage. As Kostoff 4 
points out degeneration in pure lines may occur. 
Secondly, the presence of “Gammoxano” in large quan- 
tities with seeds when sown for germination may in- 
hibit proper germination and may retard growth. 
Smith 0 finds that residual benzene hexachloride in soil 
exerts a harmful effect on tho growth of seedlings, 
especially to their root development. He finds that 
the effect is seen with 0.0025% in oats, 0.02% in whoat 
and in cress markedly at 0.05%. In the concentra- 
tions used in this experiment, jute seeds are markedly 
affected with 0.05% in petri dishes. The effect of 
“Gammoxano” on seeds with thin seed coats if they 
are kept in contact for a long time as in stored grains 
and of other gammexane types such as P. 520 and 
L.G. 140 are to be investigated. 

Gammexane, as a polyploidising agent adds to 
the long list of agents which induce polyploidy. Its 
relative cheapness and easy availability can be utilised 
with advantage to replace costly chemicals liko col- 
chicine. 

N. S. Rao 

Jute Agricultural Research B. C. Kundu 

Institute, Jffooghly, 

West Bengal. 4-4-1949. 

- 1 Darlington, C J). and La Cour, L.F., Tho Handling of Chro- 
|r mosomoB, 2 Ed. (London), p. 69-77, 1947, 

*' Darlington, C.D., and Koller, P. C. Heredity,!, 187-221, 1947. 

* *• tbit© Bulletin (Calcutta), p. 300, II, 1948. 

« Kostoff, D. Cur . Sex,. 17, 294-295, 194S. 

•-Quidot, P. and Hitier, H. Compt. Rend . 220, 833-5, 1948 

(Chemical Abstracts). 

• * Smith, M.S., Ann. Applied Biol, SB, 494-504, 1948. 
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RECONSTRUCTION OF AGRICULTURAL FINANCE IN INDIA 


C LSE WHERE in this issue is published an elaborate 

article on the organizational structure and mode 
of oporation of Government credit for farmers in the 
United States of America. This lends itself as an ap- 
propriate occasion to review the agricultural credit 
situation in our ow n Indian Union, and to suggest ways 
and means to improve, or build anew agricultural fi- 
nanco structure, which is now in a moribund condition, 
in tho light of experience gained in the agriculturally 
advanced countries. 

Improvement of methods of agricultural opera- 
tions as a means of increasing farm produce and yield 
is universally accepted, and special attention need 
be devoted to any measure that is likely to increase 
our total agricultural production in the present critical 
situation tho country is faced with in respect to food 
crops and such industrial crops as jute, cotton, etc. 
To bring about any improvement or adoption of better 
farm practices presupposes investment of capital. But 
90 per cent of our cultivators are too poor to possess 
themselves of the money that need bo invested for tho 
purpose?. Not to speak of capital investment in mo- 
dern agricultural equipments and sprayers? for appli- 
cation of protective insecticides and fungicides, ho 
has not even the small surplus cash to buy the sea- 
sonal requirements of fertilizers and improved seeds. 
He is literally steeped in perpetual indebtedness, The 
Simon Commission in their Report 1 did not fail to take 
notice of the depth of poverty in which the cultivator 
is living: * 

“The low standard of living to which the mass of India’s 
population attain is one of the first things that strike a Western 
visitor. Wants are few, diet is simple, climate is usually kind, 
and a deep-rooted tradition tends to make the countryman con- 
tent with things as they arc. But the depth of pdveity, the 
pervading presence of which cannot escape notice, 1 is not so 
easily realised.” 


s Report of the Indian Statutory Commission— Vol. 1 
(Survey) 1930, p, 384. 


Nearly two decades have passed by since the 
Simon Commission reported, yet no improvement in 
the material condition of the cultivator or, for the mat- 
ter of that, the masses is evident. His condition can be 
elevated only if he can bo helped by some Government 
agencies to find means to increase his production 
through investment on farm improvement measures. 
Nothing better need be said than to cite hero the Tory 
pertinent observation made in that respect in the Re* 
port of the Royal Commission on Agriculture in India , 
1928 (p. 416), while discussing the question of “Finance 
of Agriculture in India”: 

“In a country in which holdings are so small as they are in 
India, tho question of providing the cultivator with the capital 
he inquires and with guidance as to the maimer in which it 
should be spont if he is to utilize his land to the best advantage 
and to maintain an adequate standard of living, becomes one of 

crucial importance It is clear that in tho adoption of some 

fonn of intensive cultivation lies the greatest hope of enabling 
the cultivator to meet, from his small holding, his own needs 
and those of his family. Intensive cultivation is, however, as a 
rule, only possible where capital has been invested in the im- 
provement of land Throughout its history, the cultivating 

conditions of India have been vastly improved and its gross 
production immensely increased as a lesult of the investment of 
capital in this way.” 

In discussing the rural finance in India, the Central 
Banking Enquiry Committee in their Report (Vol. 1 
p. 46) observed of the greater jiecessity of credit 
for the cultivator vis a vis the industries, and commen- 
ted on the absence of credit institution that can un- 
dertake the enormous task of providing the cultivator 
with necessary credit. The Central Banking Enquiry 
Committee, therefore, recommended that in the ab- 
sence of alternative credit facilities ‘Special arrange- - 
ment through State assistance to extend cheap facilities 
for credit to cultivators “ be made. 

The question of rural credit, especially credit for 
agricultural purposes, also received a considerable 
attention by the various Provincial Banking Enquiry 
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Committees appointed from time to time. An up-to- 
date summation of the present position in the field 
of agricultural finance has been made in the report 2 
issued in 1941 by the Agricultural Credit Department 
of the .Reserve Bank of India. All those Committees 
were unanimous on the urgency of providing credit 
to the cultivator and the necessity of considerably 
improving the entire structure of agricultural finance 
machinery. In the Final Report of the Famine En- 
quiry Commission published as late as 1945, the Com- 
mission discussed upon the most inadequate nature 
of the availability of credit for the cultivator and re- 
ported that 

“the replies received from the Provincial Governments indicate 
that, apart from the provision of oredit under the Grow More 
Food campaign, the position (of agricultural credit) continues to 
be the same as in 1931” (p. 292). 

Tho question now comes up: Should the agri- 
cultural credit situation be let to drift as it is, or should 
attempts be made to revitalize, if possible, and to 
reconstruct, if necessary, the whole structure of agri- 
cultural finance to tho extent that it may be an 
effective instrument in the present drive for increased 
agricultural production in order to help the country 
attain self-sufficiency in respect of farm-produce and 
to improve the earnings of the masses and thereby 
to raise their standard of living? 

The supply of rural credit, particularly agricul- 
tural credit required by the middle and poorer classes 
of cultivators, was once wholly provided by the rural 
money-lender. The usefulness of this institution was 
admitted by tho Royal Commission on Agriculture 
in India (1928) and the Central Banking Enquiry Com- 
mittee of 1931. The private money-lender was con- 
sidered an indispensiblo feature in the existing rural 
and agricultural finance. The method of business was 
found very simple and highly. elastic. He maintained 
a close touch with the borrower and his local know- 
ledge and presence on the spot enabled him to accom- 
modate persons without tangible assets and yet pro- 
tected himself against lossos. But the greatest evil 
in that system has been the very high rate of interest 
charged on the loan advanced. Further, the money- 
lender, in many cases, manipulated the affairs in such 
a way as to secure possession of debtor’s saleable pro- 
ducts at a low price or the eventual acquisition of his 
land. 

Several legislative measures in the form of money- 
lenders* acts, agricultural debtors’ acts, etc., were 
passed in most of the Provinces with a view to amelio- 
rate the condition of the debtor- cultivator. These 
enactments virtually effected to scale down very con- 
siderably the rural and agricultural indebtedness, 
^ which was at one time estimated to be of tho magni- 
tude of 900 crores of rupees. The money-lender was 
hard hit, and he withdrew almost completely from the 
lending business. In the absence of alternate provi- 
sion of credit from tho State, these legislative measures 


* Review of the Co-operative Movement in India, 1939-40. 


did not improve the debtor’s position, rather he was 
left worse off than before. An useful institution was 
destroyed on account of certain of its bad features 
but nothing was done to fill up the void left by its 
disappearance. 

The only other institution that was intended to 
serve out some benefit to the cultivator has been the 
co-operative banks and societies. The published state- 
ment 2 (p. 7) showed that the co-operative societies 
had a loan of Rs. 23.14 crores outstanding of which r 
loans of the amount of Rs. 10.71 crores (i.fc., nearly 
half) were overdue. The accumulation of heavy over- 
dues and freezing of the assets of tho societies naturally 
resulted in the clogging of their business and paralyzed 
the working of the co-operative movement over the 
whole country. These facts prove that the void left 
by the disappearance of country bankers was not filled 
up by co-operative banks except on a homoeopathic 
scale. 

Besides advisory services and a few minor conces- 
sions, tho part played by the Central or Provincial 
(governments in co-operative credit has been vory 
insignificant. Of the total working capital of Rs. 13.41 
crores of the Provincial co-operative banks in India 
at the end of the year 1939-49, only Rs. 61 lakhs (i.c., 
per cent of the working capital) were advanced as 
loans from the Government 2 (p. 18). 

The Reserve Bank of India is empowered under 
the Statute to provide assistance t.o agriculture on the 
usual central banking principles by discounting bills 
drawn on the Provincial co-operative banks for amo- 
unts needed to meet the seasonal needs and marketing 
of crops for a maximum period of 9 months. Only 
two Provincial co-operative banks have taken advan- 
ces of small amounts from tho Reserve Bank on a few 
occasions. Other Provincial co-operative banks fell 
short of tho stipulation laid down to qualify for such 
advances from the Reserve Bank. 

Nothing can be done better than to quote hero 
the following lines from the Reserve Bank of India 
Report 2 (p. 15) on the present position of co-operative 
agricultural credit in India. 

'•The general survey of the recent position of the co-opera- 
tive movement in respect of agricultural credit situation showed 
that urgent measures were necessary in several Provinces to 
save the movement from collapse and to restore the confidence 
of the public in it/* 

The only other avenues of credit available to the 
cultivator are (l) The Land Mortgage Banks; (2) The 
Land Improvement Loans Act of 1883, and (3) The 
Agriculturists* Loans Act of 1 884. It is only in Madras 
that the technique of land mortgage banking has deve- 
loped to any extent. The Madras Central Land Mort- 
gage Bank, established in 1929, is the only one of its 
kind in India which is running on a very sound foun- 
dation. The operation of the Agriculturists* Loans 
Act is practised, if ever, only on occasions of distress 
arising from general crop failure from drought, flood, 
earthquake, etc. The Land Improvement Loans Act 
has been in existence for a long time as a “dead letter/ 9 
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The above brief survey will have shown conclu- 
sively that the loan provisions under the Land Improve- 
ment Loans Act and the Agriculturists’ IiOans Act 
are almost defunct; the supply of credit from co-opera- 
tive organizations are in a moribund condition, while 
the supply of agricultural credit so far provided in the 
main by the private money-lender has dried out. 

Loud talks are being given by those in authority 
of thoir resolve to make the Indian Union self-sufficient 
as regard^ food-crops by the end of 1951. We are 
accustomed to such loud talks since the inception 
of the Grow More Food campaign for about 10 years, 
but have failed to detect the inception of much sound 
measures for increasing the yield of food stuff in the 
country. Nay, it is our experience that the more 
empty headed a minister is, the louder he talks, and 
the less he is able to achieve. The talk that India 
can bo rendered self-sufficient in food production by 
1951, appears to us utter rot when we find that no 
adequate provisions are yot afoot to provide the culti- 
vator with loans, in cash or kinds, to enable him to 
spend on improvement measures calculated to produce- 
‘two blades of grass where one grew before.* 

In the United States of America the material con- 
ditions of the farmer are admittedly much superior 
to their opposite numbers in India. Those of us who 
have had opportunities to live for some time with farm 
families in the U.S.A. have marvelled to see their high 
standard of living — a standard which in public utility 
services and private conveniences can hardly be rea- 
ched even by the upper- middle class families of the 
Indian society. Yet conditions in the U.S.A. were 
not always much better than in India, and even as 
late as 1930, conditions of agricultural population in 
the Tennessee Valley and other backward areas wero 
almost as bad. It is not “loud talks” by ministers 
which have improved the conditions overnight, as 
is promised in this country, but a series of sound mea- 
sures gradually introduced over decades. 

In spite of the great prosperity of farmers in the 
U.S.A., Government think it expedient to make every 
year adequate loan provision for farm use. Even 
when the U.S.A. farming is passing through high pros- 
perity, 1,207 and 997 million dollars (i.e., 400 and 300 
crores of rupees) have respectively been provided in 
the budget estimates for 1949 and 1950 under short- 
er long term “Loans and Investment Programmes to 
Aid Agriculture.” 3 And so far, since beginning around 
the year 1917, the U.S.A. farmers have enjoyed the 
benefit of loans from the Government to the estimated 
amount of 20 to 25 billion dollars (*.<?., 6,50t) to 8,500 
crores of rupees). 

The effect such stupendous sums have had on 
the agricultural progress and .prosperity that obtain 
today in the United States can better be imagined 
than described. There now exists a very elaborate 
and effective organization under the Department of 


# Budget message of the President to the U. S. Congress, 
January 10, 1949, 


Agriculture of the U.S. Government. This credit or- 
ganization in the U.S.A. has developed through trials 
and errors over the last three decades and has been 
perfected through past failures and experiences to a 
high degree of efficiency and a high measure of suc- 
cess in the field of agricultural credit operations. 

The Royal Commission on Agriculture in India 
of 1928, the Central Banking Enquiry Committee of 
1931, and the recent Famine Enquiry Commission have 
all noted and deplored the absence of any distinction 
between loans made for (1) immediate productive pur- 
poses and seasonal needs, (2) those incurred for long- 
term purposes for farm-land improvement, (3) the 
medium-term for farm machineries, and (4) loans 
to enable the farmer to hold on his produce for better 
prices later. The crodit organization under the U.S. 
Department of Agriculture has provision for each and 
all of the above counts and many other items as well. 

It is, therefore, suggested that on tho model of the 
credit structure under the U.S. Department of Agri- 
culture, a separate Directorate of Agricultural Loans 
bo established under the Central Department of Agri- 
culture. The Directorate should have the following 
divisions: 

(1) Division of Farm Mortgage Credit , which 
will advance loans for purchase of new farm land and 
extension and improvement of existing ones. Such 
loans are to be repaid in semi-annual amortized ins- 
talments over 20 to 25 years. These loans are to be 
advanced on the recommendation of local National 
Farm Loan Association, which should bo composed 
only of the borrower-farmers. As soon a loan is sanc- 
tioned but before the loan amount is paid to tho bor- 
rower, tho latter should bocomo a moraber of the local 
Loan Association by buying shares of the Loan Asso- 
ciation equal to 5 per cent of his loan amount on tho 
valuation of the land declared by a Federal land apprai- 
zer of the land to be mortgaged; 65 per cent to 70 per 
cent of the valuation of the land can be advanced as 
loan. 

(2) Division of Production Loan . — Short-term 
loans up to a period of 12 to 18 months should be ad- 
vanced for purposes to financing current production, 
to buy fertilizer, seed, and other seasonal needs, 
and to pay for farm machinery and equipment or to 
meet any normal expenses of the farm and the farmers’ 
home lieods. This loan can be advanced on the secu- 
rity of the farm land, failing which a lien on the crop, 
livestock, or equipment which produces the income 
to repay the loan, should be considered sufficient. Be- 
fore this typo of loan can be advanced, the loan appli- 
cation should come through the local Loan Associa- 
tion as stated above, 

(3) Division of Water Facility Loan . — For irri- 
gating, sinking tube-well, or digging tanks for irriga- 
tion purposes loan should be advanced to build, im- 
prove, or repair needed water facilities on the farm. 
Such loans should be of medium- term, say for 5 to 
10 years, 
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(4) Division of Loan for Farmers ’ Co-operatives 
— A separate division should be in charge of Joans 
required by farmers’ co- operatives. In this case Joans 
should* be advanced against adequate securities (such 
as movable or immovable properties of the co-operative) 
for purposes of processing, preparing for market, mar- 
keting farm products, purchasing and grading of farm 
supplies, etc. 

Lastly, to make such a proposed Directorate of 
Agricultural Loans roally serviceful to the common 


cultivator red tape should be avoided. Numerous 
complaints of delay in dealing with loan application 
were heard before, and their truth was admitted by 
the Royal Commission on Agriculture in India. Un- 
less all out attempts are made to take decision on a 
loan application within a few days of its submission 
and loan money is made available in good time to buy 
the cultivator’s requirement of seeds, fertilizer, etc., 
the loan will fail to serve the purpose for which it was 
really meant. 


GOVERNMENT FINANCING OF AGRICULTURE IN THE 

UNITED STATES 

J. C. SAHA 

• VISITING RESEARCH FELLOW, VALE UNIVERSITY, CONNECTICUT, U. 8. A. 


PROVIDING adequate credit to farmers has al- 
ways been quite a problem to all countries. In 
years of agricultural prosperity, loans from private 
sources are not difficult to obtain; but in lean years, 
when necessity for agricultural credit is all the greater, 
private lenders and commercial loan companies who 
operate on profit motives alone, become unduly appre- 
hensive of the future economic situation and fight shy 
of investing any further money in agricultural loans. 
Furthermore, private operators do not hesitate to take 
full advantage of the pecuniary helplessness of the far- 
mer to charge excessively high rates of interest and 
thereby ruin the latter economically. 

The money-lender’s acts, passed by the various 
provinces of the Indian Union in the late 1930’s, tried 
to remedy the situation by putting a ceiling on the 
rate of interest. As a result of their enactment, the 
loan operators withdrew from the lending field. In 
the absence of simultaneous and alternate provisions 
for agricultural loans, the farmer’s condition has pro- 
bably gotton worse than before; whatever opportuni- 
ties for loans he had previously were completely with- 
drawn from him. 

.. More than a decade has since passed, yet no con- 
crete attempts have so far been made to make avai- 
. lable to the farmer loans for agricultural purposes on 
easy and cheap terms. Now that we have our own 
National Government, we cannot throw blame else- 
where for the most unfortunate and pitiable condition 
of our farm population, who comprise more than 70 
per cent of the country’s total. Farm prosperity will 
not return unless the farmer is able to invest in farm 
* improvement measures. The farmer cannot be ex- 
pected to invest for improvement and productive pur- 
poses unless he has himself the money for it or is pro- 
vided with sufficient ctedit to do so. 

In the United States the condition of the farmer 
is far superior to that of his counterpart in India; his 
standard of living is usually higher than even our mid- 


dle-class salaried group. He is not usually so help- 
less as to have no money for buying improved seed, 
necessary fertilizer, etc. Yet the Government of the 
United States has not left him to his own initiative 
and at the mercy of private creditors to obtain funds 
for his agricultural operations. Under the U.S. Depart- 
ment of Agriculture there exist a few agencies charged 
with the responsibilities and functions to provide loans 
for agricultural purposes to stock men, farmers, and 
farmers’ cooperatives at a low rate of interest and on 
easy terms. 

Below is given a short account of the organization, 
operation, and administration of the system of agri- 
cultural financing that has been developed m the United 
States in the course of the past 2 5 years and which 
has been so effective in solving the probelm of agricul- 
tural credit in that country. It is hoped that this ac- 
count might provide a few suggestive ideas in solving 
our own agricultural credit probloms. 

The agencies of the U. S. Department of Agricul- 
ture concerned with the supply of agricultural credit 
to the farmers and thoir cooperatives are: (l) Farm 
Credit Administration; (2) Farmers Home Adminis- 
tration; and (3) Commodity Credit Corporation of the 
Production and Marketing Administration. 1 Each of 
the above agencies is responsible for the management 
of a particular class or classes of agricultural loans. 

Farm Credit Administration 

Farm Credit Administration was created by an 
executive order effective May 27, 1933, which provided 
for the consolidation within one organizational unit of 
the powers and functions of all Federal agencies deal- 
ing primarily with agricultural credit. The Farm 
Credit Administration became a part of the U. S. 
Department of Agriculture in July, 1939. 


1 ^Science qnd Culture 14, 441-446, 1949, 
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From the beginning of its operation in 1933, 
through June 30, 1947, the Farm Credit Administra- 
tion, through the banka and the corporations under 
it, has provided 7,337,000 farmers and farmers’ coopera- 
tives with total loans of 13,709 million dollars* to finan- 
ce farm operations, marketing, and farm ownership. 2 
On June 30, 1947, 1,687,000 farmers and their coopera- 
tives were actually using 1,718 million dollars loaned 
out to them under the auspices of the Farm Credit 
Administration. 

** 

For facility of loan operation, the United States 
is divided into 12 Farm Credit districts. In each dis- 
trict there are four major credit units, each serving a 
separate and distinct purpose, but located usually in 
the same building, in the headquarters city of the dis- 
trict. Those organizational units are: 

I. A Fcdoral Land Bank which makes long-term 
mortgage loans through local organizations known 
as National Farm Loan Associations, made up of bor- 
rowing farmers. 

IT. A Production Credit Corporation which guides, 
supervises, and partially finances local Production 
Credit Associations which make production loans to 
farmers and stockmen. 

III. A District Bank for Cooperatives which 
makes loans direct to farmers’ and stockmens’ co- 
operatives. 

IV. A Federal Intermediate Credit Bank which 
acts as a hank of discount to supply short-term funds 
to local Production Credit Associations and farmers’ 
cooperatives. 

1. Farm Morto\oe Credit System 

Farm mortgage loans are made available : (t) to 
buy land for agricultural uses; (it) to purchase equip- 
ment, fertilizer and livestock nocessary for the proper 
operation of the mortgaged farm ; (in) to rate farm 
buildings and for the improvement of farm land ; 

( iv ) to pay off indebtedness of the borrower incurred 
for agricultural purposes ; and (v) to provide necessary 
funds for general agricultural purposes. 

A farm mortgage loan is available to any citizen 
of the United States who is a farmer, in amounts from 
100 to 50,000 dollars, but not in excess of 65 percent of 
the appraised normal time agricultural value of the 
farm mortgaged. The rate of interest charged is 
4 percent. The amount of the loan is to bo repaid 
in semi-annual amortized instalments, in 33 years in 
the case of livestock farms, and in 20 years in the case 
of crop farms (because of more rapid deterioration 
of the latter in case of improper care). 

Such loans are also available to livestock corpora- 
tions if all shares of the corporation are owned by per- 


* Ore dollar equals approximately 3J rupeo. 

* Fourteenth Annual Report Farm Credit Administration; 194G*4 7 . 
U. S. Department of Agriculture, 


sons actually engaged in raising livestock on the 
property to be mortgaged. In all such cases, the owners 
of at least 75 percent of the capital shares must 
assume personal liability for the loan. 

A prospective borrow er applies to the local National 
Farm Loan Association, which is entirely a borrowing- 
farmers’ organization, on a simplified printed form 
with an appraisal fee of 10 dollars. Soon after the loan 
application is received, the farm offered as security 
is appraised by a Land Bank appraiser, who is a public 
official in the employment of the Farm Credit Adminis- 
tration. If the appPeant has clear title to the property, 
the loan is sanctioned within 6 to 7 days on the basis 
of the approved value declared by the Federal appraiser. 

A loan is not actually made by the local National 
Farm Loan Association, but its acceptance is recom- 
mended by them to the Federal Land Bank in the 
district. 

National Farm Loan Association . — It is entirely 
a borrowing farmers’ and stock-mens* association. 
Every farmer who receives a farm mortgage loan be- 
comes automatically a member of the local National 
Farm Loan Association and is required by law* to own 
shares in the Association equal to 5 percent of his Joan. 
This amount is deducted at the time when the amount 
of the loan is received by the borrower. These shares 
are held by the Association as additional collateral for 
the loan. Purchase of shares in the Assoc ’at, ion entitles 
its holder to a vote in the meetings of the Association 
at which directors are elected and business is transacted ; 
it further entitles him to saving and profits which may 
he passed back to him by the Association in the form of 
dividends. As soon as a borrower fully pays off his 
loan, his shares in the Association are retired, and unless 
they are impaired, he receives par valuo for the shares 
he held. * 

The members of the local National Farm Loan 
Association elect from among themselves 5 to 7 direc- 
tors, the directors among themselves elect a loan com- 
mittee of 3 men. Two are from the directors and the 
third member, an outsider with tcehn cal knowledge, 
is appointed on a paid basis to the position of Secretary- 
Treasurer of the Association. Before a loan is made, 
the loan application is to be signed by all the 3 members 
of the loan comm’ttee. As a measure of assisting 
Associations to keep their lending on a sound basis, 
loans to officials and loans in excess of a specified 
proportion of an Association’s paid-in capital and 
guaranty fund must be approved by the Federal 
Land Bank of the district and, in particular cases, 
by the Farm Credit Administration. 

Besides the Secretary-Treasurer, who is a paid 
employee, no other directors or loan committee members 
receive any pay or compensation for the services they 
render to the Association. 

There were 1,280 National Farm Loan Associations . 
under the 12 Federal Land Banks on Juno 30, 1947. 
During the fiscal year 1917, 1,218 of these Associations 
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declared dividends amounting to nearly 3 million 
dollars. ' 

Federal Land Banks.— A* mentioned earlier, the 
National Farm Loan Associations do not advance 
loans to fanners, neither have they necessary funds 
to do so. The loan application is recommended to 
the Federal Land Bank in their district, and the Land 
Bank pays the borrowers. 

The 12 Federal Land Banks were organized in 1037 
as semi-government institutions with 8 million dollars 
of Government capital. This capital was mostly 
repaid to the Government by 1926. With the break 
in the farm commodity prices and collapse of farm real 
estate values in the early 1930’s, the Government in 
1932 subscribed 125 million dollars in additional capital 
shares in the Land Banks. With the roturn of farm 
prosperity beginning in the late 1939’s the financial 
condition of those banks began to improve very consi- 
derably. In line with the policy of the Farm Credit 
Administration and the Federal Land Banks to retire 
the Government’s capital in these Land Banks as soon 
as the financial situation permit?, all the Government 
capital had been returned to the Treasury by June 
30, 1947 ; each of these 12 F<xleral Land Banks are now 
entirely owned by the National Farm Loan Association 
of borrowing farmers, and are managed, as before, 
under the Government supervision. 

Since their establishment the Federal Land Banks 
have made long-term mortgage loans (up to 33 years) 
to a million American farmers, totalling more than 
four billion* dollars. They have built up legal reserves 
and earned a surplus of 199 million dollars after meeting 
losses representing slightly loss than 3 percent of the 
total loaned. They have paid a total dividend of 
54 million dollars to their shareholders, who art: the 
farmer-owned and farmer- operated National Farm 
Loan Associations. 

Federal Farm Mortgage Corporation. — During the 
depression years when all private finances were with- 
drawn from the lending field and it Avas almost impos- 
sible for farmers to get any loans, the Federal Farm 
Mortgage Corporation was established by an act of 
.the IT. 8. Congress, January 31 , 1934. It was empowered 
to issue and to have outstanding at any one time bonds 
not exceeding 2,000 million dollars, and : (t) to invest 
its funds in land mortgage loans made under Section 
32 of the Emergency Farm Mortgage Act of 1933, 
and (it) to purchase from time to time for cash, such 
consolidated farm loan bonds at such pricos and upon 
such terms as might be determined by the directors 
of the Federal Farm Mortgage Corporation, and to 
make loans to Federal Land Banks on the security 
of such consolidated bonds. 

Unlike the Federal Land Banks, the Federal Farm 
Mortgage Corporation is entirely Government- owned 
, and operated. 

* On? billion equals 1,000, 000, 0p0 (i.e., a thousand million.) 


The amount of investment by the Federal farm 
Mortgage Corporation reached an all-time peak of over 
761 million dollars in April, 1936. With the return* 
of farm prosperity, there has since been less borrowing. 
At the close of the fiscal year 1947, the total amount 
of loans outstanding has been reduced to 123 million 
dollars, 

2. Production Credit System 

Short-term production loans, running* up to 30 
months, are available to United States farmers and 
livestock- men for the following purposes which can 
bo paid for from farm income in such period. These 
loans are available for any one or more of the following 
purposos : (i) to finance current production ; (it) to 
buy fertilizer, feed, seed, labour, etc. ; (Hi) to purchase 
livestock, machinery and, equipment of all kinds for 
the farm ; (iv) to pay for land and building improvement; 
(v) to pay indebtedness or meet the educational ex- 
penses of hunself or his dependents ; (vi) to pay doctor’s 
and hospital bills, rents, taxes, insurance premiums ; 
and (vii) to meet any normal expenses of the farm and 
the farmer’s homo needs. 

For production loan, security is expected but not 
always essential. If security is required, it is usually 
a lien on crop, livestock, or equipment which produces 
the income to repay the loan. 

A production loan is made available wihin 5 or 
6 days after application ; interest charged is 5 percent. 
Each dollar bears interest only when actually used. 
Thus, ono may draw on a loan piecemeal or pay it 
back piecemeal, to suit one’s own plan. 

Federal Intermediate Credit Banks. — In response 
to widespread demand and general recognition of the 
need for short-term loans for production purposes, 
12 Federal Intermediate Banks, with a capital of 60 
million dollars were established in 1923 by an act of 
the U.S. Congress. These Banks are entirely Govern- 
ment-owned and-operated. Since their establishment, 
the Credit Banks have paid Government franchise 
taxes totalling 7 pi ill ion dollars; reserves, earned surplus 
and undivided profits totalled 35 million dollars on 
June 30, 1947. 

The Federal Intermediate Credit Banks act as 
banks of discount to supply short-term funds required 
by Production Credit Associations, Farmers’ Coopera- 
tives, and similar other financial institutions. 

During the fiscal year 1947, credits of 1,179 million 
dollars were extended by these 12 Banks for the pur- 
pose of production loans: 892 million dollars to 
the Production Credit Associations, 193 million dollars 
to the Banks for Cooperatives, and 94 million dollars 
to privately capitalized (agricultural) lending institu- 
tions. Loans and discounts outstanding June 30, 1947, 
amounted to over 400 million dollars. 

During the 24 years of their operation, ending 
June 30, 1947, the Fpdepa? Intermediate Credit Banks 
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provided credit for production purposes totalling over 
10 billion dollars. 

The Federal Intermediate Credit Banks obtain 
the ma jor portion of funds they use in lending opera - 
tions through sales to the investing public or commercial 
corporations, life insurance companies, etc., of consoli- 
dated collateral trust debentures. All the 12 Federal 
Intermediate Credit Banks are jointly and severally 
liable for their obligation. 

Production Credit Corporations . — The 12 Production 
Credit Corporations, wholly Government- owned, were 
established, one in each district, in 1933 with an aggrega- 
ted available capital from Federal funds not exceeding 
120 million dollars. These Corporations organize and 
capitalize, as far as necessary, by purchasing non- voting 
shares in tho Production Credit Associations in the 
districts so as to give a start to the local Production 
Credit Association. A major function of these Cor- 
porations is to give guidance, supervision and assistance 
to tho Production Credit Associations located in the 
respective districts, in their credit, operating, and 
membership activities. 

The paid-in Government capital of those Corpo- 
rations stood at 92 million dollars on June 30, 1947, 
of which 41 million dollars was invested in tho non- 
voting shares of the Production Credit Associations 
and the rest (51 million dollars) was invested in U.S. 
Government bonds. 

Since their creation in 1933, tho Corporations 
have accumulated an earned surplus of over 16 million 
dollars and have repaid over 38 million dollars of the 
Government capital to a revolving fund in the United 
States Treasury. 

Production Credit Associations . — Neither the Fe- 
deral Intermediate Credit Banks nor the Production 
Credit Corporations mako any direct loan to tho farmers. 
The farmers receive production loans through their 
local Production Credit Associations. As soon as 
a loan is sanctioned to a farmer, 5 percent is deducted 
from the amount of his loan as tho value of his shares 
in the capital of the local Production Credit Association 
to become a member of the latter so as to be eligible 
to obtain a production credit loan. On the repayment 
of his loan ho may withdraw the par value of his shares 
in the Production Credit Association, but his shares 
are not compulsorily retired as in tho case of the Farm 
Loan Association membership. If he chooses to re- 
tain his shares in the Production Credit Association, 
he maintains tho same privileges as any other member 
and is entitled to dividends, if and when declared. 

The members, each having one vote, elect from 
among themselves a board of 5 directors. The direc- 
tors themselves elect 2 of them and appoint an out- 
sider on a paid basis as Secretary-Treasurer, to form 
a loan committee of 3. Usually the Secretary-Treasurer 
of the local National Farm Loan Association is appointed 
to act as the Secretary-Treasurer of the local Production 
Loan Association. Both these associations of a locality 


usually occupy the same office space and use the same 
equipment as a measure of economy ; the cost of office 
maintenance and the pay of the Secretary-Treasurer 
and his clerk is shared by both the associations. 

For tho year ending June 30, 1947, 237,881 pro- 
duction loans totalling over 680 million dollars were 
advanced to farmers and stockmen members of the 
Production Credit Associations, On that date there 
w r ere 504 Production Credit Associations distributed 
over the United States with a total membership of 
over 400,000. The 400,000 farmer-shareholders, on 
June 30, 1947 owned 42 million dollars of the capital 
of the Production Credit Associations compared w r ith 
40 million dollars worth owned by the Production 
Credit Corporation (i.e., tho U.S. Government). 

Since 1933 tho Production Credit Associations 
have loaned out to member- farmers nearly 6 billion 
dollars for crop and livestock production purposes,, 
and have accumulated resorvea of over 43 million dollars. 
The net losses amount to about 1 /12th of 1 percent 
of tho total cash loaned. 

3. Credit system for Farmers’ Cooperatives 

To provide a source of credit for farmers’ coopera- 
tives on a sound business basis, 12 district Banks for 
Co-operatives and a Central Bank for Co-operatives 
(at Washington, D.C.) wero established by the U.S. 
Government in 1933. The district Banks serve eligible 
borrowers (i.e., farmers’ cooperatives) in their respective 
districts. Cooperatives operating beyond the jurisdic- 
tion of one district are served by the Central Bank 
for Cooperatives at Washington, D.C. 

Farmers’ cooperatives engaged in (i) processing, 
proparing for market, handling, or marketing farm 
products ; (ii) purchasing, testing, grading, distributing, 
or furnishing of farm supplies; and (Hi) furnishing 
farm business service, are eligible for loans from tho 
Bank for Cooperatives. To prevent misuse of such 
Government funds, it is enjoined that the coopera- 
tives are operated for the mutual benefit of their 
members and not do more business with non-members 
than members. 

Type of Loans. Three separate types of Joans 
are available to farmers’ cooperatives : 

(a) Commodity Loans. These loans are made on 
tho security of wheat, cotton, and other farm products. 
These loans are also available for financing farm supplies 
such as feeds, lime and fertilizer. Each commodity 
loan must bo secured by a first lien on farm products 
or supplies, which must have sufficient value in them- 
selves to fully secure tho loan. The commodity loans 
are for tho shortest term, and are generally repaid 
from the sale proceeds of the particular commodity 
or supplies. The rate of interest for commodity loans 
was 1£ percent in 1947. 

(b) Operating Capital Loans. They are made 
to supplement the cooperatives’ own capital funds 
during times of peak seasonal activity. These loans 
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are for relatively shorter duration. Security may or 
may not bo required depending upon the term of the 
loan, .the financial condition of the borrowing coopera- 
tives, and other factors. These loans are generally 
repaid by the end of the marketing of the product in 
question. Interest charged for this type of loan is 24 
percent. 

(o) Fac llty Loans. They are available for the 
purpose of financing or refinaneng the purchase of 
land, building, fixed equipment for use in carrying 
on the business of the cooperatives. These loans are 
to be secured by a first mortgage on the property 
with such add.tional collateral as necessary. No such 
loan is to oxcoed 60 percent of the appraised value of 
the security offered. These loans are repaid in instal- 
ments, usually in 10 years, and are limited by law 
not to exceed 20 years. Facility loans are given on 
an interest of 3J pcrcont. 

A farmer’s cooperative when borrowing from a 
Bank for Cooperatives is required to buy at the time 
the loan is effected shares in the Bank equal to 5 per- # 
cent of tho loan, except in the case c>f commodity loans, * 
when the requirement is 1 percent of the amount loaned. 
After a loan is repaid, a cooperative may reta il tho 
shares in the Bank, or, if so desired, may receive back the 
par value of the shares held by it. 

j Banks for Cooperative#. The 13 Banks for Co- 
operatives had 178 million dollars of the Government- 
capital funds on June 30, 1947. A plan is being worked 
out to make these Banks for Cooperatives, as the Federal 
Land Banks are now, entirely owned by the borrowing 
cooperatives. 

During the fiscal year 1947, tho Banks for Coopera- 
tives extended over 425 million dollars in credit to 1,271 
farmers’ cooperatives ; 280 million dollars as operating 
capital loans', 24 million dollars as facility loans, and 
120 million dollars as commodity loans. 

Since their organization in 1933, the Banks have 
provided credit totalling over 3 billion dollars to nearly 
1,400 farmers’ cooperatives with a membership of about 

in llion farmers. They have built up nearly 45 
million dollars in reserves and earned surplus. Losses 
have amounted to only three- hundredths of 1 percent 
of the total cash loaned. 

Farmers Home Administration 

It will be seen from the earlier account that most 
of the above Government- operated or -sponsored loans 
are made on the principle of loan against security. 
Then, what’s about the less fortunate farmers who 
have nothing to offer by way of security, or about people 
who want to take up farming as an occupation for them- 
selves and their families but have no money to do so. 

In the scheme of agricultural financing, the needs 
of such poor farmers have not been overlooked. The 
Farmers’ Home Administration was created, on 
November 1, 1946, as an agency under the United 
States Department of AgH culture, charged with the 


responsibility of giving the poor farmer, stockman, 
sharecropper, and tenant “a start on the road to better 
farming and improved living for bis family through 
supervised credit” from the Government. 

The Farmers Home Administration has offices in 
most rural communities over the whole country to help 
poor farmers who are unable to get credit from any 
other source and to assist the borrower in planning 
and adopting sound farm and home practices which are 
likely to promote success in farming and better home life. 

All Farmers Homo Administration loans are made 
through the Administration’s local offices. A loan 
committee of 3 persons, at least 2 of them being 
local farmers, determines the applicant’s eligibility 
for Farmers Home Administration loans, certifies the 
value of the land to be bought with the loan money, 
and reviews tho borrower's progress in farming. 
Character, ability, industry, experience in farming, 
and willingness to carry out farming operation* under 
the advice and supervision of tho technical personnel 
of tho Administration constitute eligibility for the loan. 

Since these loans are for fanning families who are 
unable to put up security to get loans from Farm Credit 
Administration or private lenders, security is not consi- 
dered essential for loans under tho Farmers Homo 
Adnvnlstration. The borrower is asked for a mortgage 
on the chattels or the land he will buy, or the crops 
and livestock ho will raise with the loan money. But 
it is impressed upon flic borrower that his own honesty, 
industry and character is the'* best security he can offer 
for his loan. 

Type of Loans . — There are three types of loans 
available under the Farmers Home Administration. 

(a) . Production and Subsistence Loan. It is avail- 
able: (i) to buy equipment, livestock, foods, seed, lime, 
fertilizer and other farm supplies ; (it) to meet family 
living needs, including medical care; (Hi) to enable 
two or more farm families to buy or obtain tho use 
of heavy machinery, high grade breeding stock and 
similar other services which they are urrnblo to own 
alone. 

Not more than, 3,300 dollars can be borrowed by 
any one family during any year nor can the total out- 
standing loan exceed .5,000 dollars at any one time. 
The loan is repayable in 1 to 5 years ; interest charged 
is 5 percent on the unpaid principal. 

Production and Subsistence Loans were made 
to 105,073 families aggregating over 90 million dollars 
in the year ending Juno 30, I947. 3 

(b) Farm Ownership Loan. This type of loan 
is available to buy a “family- type” farm, 4 or to improve 


1 Strengthening the Family Farm: a report of activities of the 
Farmers Home Administraton: 1946 47. United States Depart- 
ment of Agriculture. 

4 A productive farm furnishing the operator a full-time job 
through the year, yielding enough income for the family's needs 
— but not so big that outside labor is hired, except perhaps at 
the peak of planting and harvesting seasons. 
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and enlarge a farm to make it into an efficient family- 
type unit. The maximum for such a loan is 12,000 
• dollars, interest is 4 percent on the unpaid principal, 
and the loan is repayable in amortized instalments 
over 40 years. 

Nearly 6,000 farmers were receiving farm ownership 
loans in 1917; advances made that year totalled 
45 million dollars. Cumulative farm ownership loans 
for the 10- year period ending Juno 30, 1947, stood at 
293 million dollars. 

To encourage private capital investment, the Far- 
mers Home Administration, under a new plan opera- 
tive since July 1, 1947, insures mortgages on loans 
made by private lenders for purposes similar to those 
for which Farm Ownership Loans are made. Insured 
mortgage loans are limited to 90 percent of the borrow- 
er’s total investment in the farm. The borrower is to 
make a 10 percent down payment out of his own funds, 
or, in the case of farm enlargement or development, to 
have an equity equal to 10 percent of the loan money. 
The prescribed rate of interest is 4 percent, of which 
1 percent goes to the Farmers Homo Administration for 
underwriting the loan in case of default of payment by 
the borrower and the remaining 3 percent is received by 
the money lender. 

For the year ending June 30, 1948, similar loans 
totalling almost 2 J million dollars were made by private 
lenders and insured by the Farmers Home Adminis- 
t rat ion.* 

(c) Water Facility Loan. It is available to far- 
mers, ranchers, and incorporated water associations in 
the 17 States in the western U.S.A., where water is a 
real scarcity, to enable them to build, improve or repair 
needed water facilities such as wells, ponds, water dis- 
tribution system, and small irrigation projects. 

The maximum repayment period on Water Facility 
Loans is 20 years, and the rato of interest is 3 percent. 

In 1937, 1,064 such loans were made to individual 
farmers and 14 loans to water associations, for a total 
of million dollars. The cumulative figure for loans 
advanced under the heading so far runs to nearly 
8 million dollars. 

Commodity Credit Corporation 

No picture of Government credit available to far- 
mers in the United States will be complete unless a 
brief reference is made to the activities of the Commodity 
Credit Corporation. 

The Commodity Credit Corporation is a Govern- 
ment-owned and-operated organization of semi-commer- 
cial nature under the Production and Administration of 
, the U.S. Department of Agriculture. In 1938, the 
U.S, Congress authorized the Corporation to issue 
and have outstanding bonds, notes and debentures 
. in apy amount not exceeding 500 million dollars. The 


* USDA. U.S, Dept. Agri., November 22, 1948. 


borrowing power of the Corporation has sinco been 
increased by subsequent legislations, and today the 
Corporation is authorized to borrow up to 4,750 
million dollars on the credit of the United States. 

The activities of the Corporation fall into 4 general 
categories : (i) the agricultural commodity supply pro- 
gram to the United States Army, foreign governments, 
and international relief organizations ; (ii) purchase 
of agricultural commodities abroad, of which the United 
States is short ; (in) export of surplus farm comm- 
odities to foreign countries ; and (tv) “price support” 
The price support program of the Corporation makes 
non-recourse loans available to producers on harvested 
corn, wheat, barley, oats, grain, sorghums, flax, seed, 
cotton, and potatoes. 

To bo eligible for a loan under the price support 
program the producer files application for the purpose 
soon after harvest and before a specified date for each 
commodity. If he is unable to sell his commodity 
at or above, parity prices as determined by the Cor- 
poration, a loan of 80 to 90 percent of parity price 
will be available to the producer if he will store the 
commodity for the Government in approved commer- 
cial grain warehouses or right on tho farm of the 
producer in approved bins and cribs. 

During the year 1947, the Commodity Credit 
Corporation advanced over 765 million dollars against 
several such commodities. 6 

Since its creation on October 17, 1933, through 
June 30, 1947, the Corporation showed a net gain of 
ovor 102 million dollars. 

Conclusion 

It will be seen from tho above brief account that 
since the start of the Government agricultural finan- 
cing programs around 1920, several millions of Ameri- 
can farmers and their cooperatives have employed 
Government-sponsored loans, to an estimated extent 
of 20 to 25 billion dollars (6,500 to 8,500 erores of 
rupees) to improve farm equipment, to enlarge the 
farm area and otlior productive means. These loans 
have been of tremendous help to the farmers them- 
selves and their cooperatives to improve their own in- 
come and to provide a higher standard of living for 
their families. It helped the United States in her 
march to prosperity by the release of tremendous buy- 
ing powers of the farm population to keep the indus- 
try running to its maximum capacity. Theso loans 
are helping, though not without profit to tho United 
States farmers, to produce enough surplus food to save 
the lives of many millions of starving people of many 
nations today who are in desperate need of food from 
the United States. 

During each of the past several years the United 
States farmers and their cooperatives wore using cumu- 

• Review of Operations — Commodity Credit Corporation: Fiscal 
Year 1947 - United States Department of Agriculture; (mimeo* 
graphed.) 
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lated amount of nearly 3 billion dollars of Govern- 
ment-sponsored loans (exclusive of private loans) for 
agricultural and allied purposes. Ono can well realize 
what, a tremendous influence such stupendous loans 
have had on the agricultural progress and farm pro- 
gress and farm prosperity that obtain in the United 
States today. 

Nothing will lead us anywhere near to improve- 
ment of agriculture in India unless and until necessary 


agricultural credit is made available to our fanners 
under the Government or similar agencies at a cheap 
rate of interest and without much red tape. If the 1 
United States Government feels the necessity of ex- 
tending a few billion dollars as agricultural loans every 
year in a country where capital is never so shy as in 
India, the sheer imperativeness of providing easy cre- 
dit to Indian farmers can better be realized than des- 
cribed. 


CITY PLANNING 

KAMALESH RAY 
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A city, like a living being, is an organic body. 
n It grows; it dies; it has health; it lias sickness. 
Like a human being or a plant, a city needs good care 
and planning for its healthy growth and spread. 

India is faced with the problem of redistribution 
of population evenly throughout the country. It is 
roughly estimated that about eighty per cent of our 
people live in villages, and everyone knows what ab- 
ject standard of Jiving we have in our villages. In 
fact, our villages have practically nothing to offer in 
modern living and in economic opportunities. On the 
other hand, the few cities that we have are in a terrible 
state of overcrowding and confusion. The city of 
Calcutta, for example, is now faced with the problem 
of accommodating population three times its normal 
capacity. Its present population compares with that 
of Chicago, but Calcutta has neither the finance nor 
the planning organizations to compare with that large 
industrial city of America. 

Growth of industries and cities go hand in hand. 
We need more cities in our country as much as we need 
more industries to grow. And when we are planning 
for industrialization of India, we cannot afford to neg- 
lect the associated programme, namely, nationwide 
city planning. Let us not get into the confusions and 
expenses of unplanned cities which ultimately tax on 
the vitality of the nation. We can, if we are wise, 
take advantage of the experience of other countries 
in this important phase of nation building by organic 
zing planned cities where people can work, play and 
grow like human beings to love their home and their 
country. “Love of homo and love of country are synoy- 
mous terms. Without it, no country can be virile, no 
country can long survive.” 1 

Purpose of City Planning 

According to Henry V. Hubbard of the Harvard 
School of City Planning, “City planning has become 
to be recognized as a great social movement, rooted 


in the need and duty of the community to make pos- 
sible attainment for its citizens the necessities of a full 
and efficient life.” 2 

Experience has shown in the Western countries, 
especially in America, that long-term comprehensive 
planning for growing cities is possible, practical and 
successful. These city planning organizations are 
not meant for spending millions, but for finding ways 
and means for efficiently utilizing the money that will 
be spent (by public, Government or privately) to build 
up the city, and to save the millions which would be 
otherwise spent to correct the faulty layouts. In 
other words, the city planning organizations arc the 
technical bodies competent to decide and advise on the 
suitability of sites and layouts to the best advantage 
of the growing communities. 

City planning activities are guided by the three 
influences: economic, functional and esthetic. This 
applies to a new city as well as to an old city which may 
need replanning. It is interesting to observe that 
w r hile the medieval city planning was restricted to tho 
esthetic (rather, decorative) aspects — in building cathe- 
drals, monuments, palaces and a few civic centres, — the 
idea swang back to ‘city practical* with the coming 
of the industrial age. However, the modern trend 
is to compromise the two and get a balance. While 
it is important to plan a city from practical point of 
view — in respect of street system, transport, safety, 
water supply, sewerage, housing and zoning, etc., it 
is no less important to make the city beautiful and 
provide the community with pleasing environment in 
architectural and landscape sights. In fact, beauty is 
a necessary adjunct to good living. It is interesting 
to mention in this connection that the people of the 
city of Zurich in Switzerland have voted to demolish 
an existing bridge across a stream passing through the 
city, only because it is not pleasing to the eye, and does 
not match with the architectural structures around it. 
They have therefore decided to finance for a new bridge 
in its place. 
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Historical 

“Thy oity is as old as civilization itself.” And 
many ot the ancient cities in Egypt, India, Assyria, 
Greece and Rome were laid on definite plans in respect 
of streets, housing and grouping of types of housings. 
The remains of the ancient small city of Kahun in 
Egypt, which flourished between 3000-2500 B.C. is per- 
haps the example of the oldest planned city. The 
city of Babvlon was built on either banks of the river 
Euphrates, with definite rectangular blocks pattorn. 
It not only had the magnifieient road systems, but 
also beautiful forests, gardens and pleasure grounds 
including the celebrated Hanging Gardens. The mag- 
nificence of Babvlon attained its climax in 6th century 
B.C, 

Many of the ancient cities were fortified with walls 
and water trenches all around, and architectural gran- 
deures and ornamentations were freely introduced. The 
city of Nineveh (3000 to 606 B.C.) is an example of 
this. The ‘city 1 of Jerusalem calls for special atten- 
tion regarding the choice of site and beautiful layout 
on the hill slopes. The city of Mohenjo Daro (3000- 
2000 B.C.) in the Indus Valley is another example of* 
city planning, architecture and engineering works. 

The Greek city of Pricno (3rd Century B.C.) in 
Asia Minor on the north shore of Lattnic Gulf presents 
some features of an ancient city of 400 homos of 4000 
people. It was apparently planned with great care. 
Its main thoroughfares ran along the contours of the 
hill, and the narrow lanes led up hill. The blocks were 
1 15 ft. by 150 ft., while the broader streets wore 23 ft. 
and narrower ones 10 ft. wide. The entrances to the 
houses were on the side streets while the main streets 
had facing them walls almost entirely blank, thereby 
securing privacy for the dwellers. One of the most 
interesting features of Priene was its spacious market 
place with its public buildings. 

Many of the ancient Greek and Roman cities are 
characterised by their semicircle of great edifices. 

The characteristics in city planning in the renais- 
sance period may be found, starting in Ttaly and in- 
fluencing France and England, in widening and straight- 
ening roads, building massive cathedrals and royal pala- 
ces, and trying to introduce regularity and symmetry 
in the layouts and structures. More open space, gar- 
dens, statues, decorations and artificial fountains were 
introduced in order to beautify the cities. The medie- 
val city planning was more the outcome of the visions 
of artists and architects than that of engineers, until 
the industrial civilization came into being. 

Industry, commerce, and improved methods of 
transportation have all played an important port in 
the growth of cities in the last hundred years. The 
resulting congestion that has been experienced every- 
where has completely changed the outlook and philo- 
sophy of modern city planning. “One of the first and 
most striking modern efforts at such improvements 
was the immense programme in Paris in 1853 by Baron 


Haussmann under Nepoleon III. Haussmann’s scheme 
included a numbor of large projects, boulevard con- 
nections of importance and of great extent, roads con- 
verging at important points and public buildings loca- 
ted in full view down the streets, and the development 
of plazas and parks. The expenditure of 50,000,000 
livers for these improvements helped greatly to make 
Paris one of the most beautiful cities in the world. 

“While France was directed rather strongly by the 
esthetic view point, Germany was probably more 
concerned with matters of efficiency and economy. 
Among the leaders of city planning in the Germany 
of the last century are Reinhard Baumeistor, a pio- 
neer of the science, Camillo Sitte, a formulator of its 
esthetic principles and Joseph Stuebben, a practical 
city builder.” 3 

City Planning Movement in the United 
States of America 

The history of city planning movement in America 
is about a century old, but it has taken more definite 
shape within the last forty or fifty years. The esta- 
blishment of the first village improvement association 
at Stockbridgo, Mass., in 1853 is a landmark in the 
early history of American city planning movement. 
In course of 30 years, a hundred of such associations 
were formed in the country. The creation of New 
York Central Park in 1857 exerted a major influence 
in this direction. The first efforts in 1857 of a Com- 
mission to investigate into the slum conditions in New 
York City and Brooklyn marked the beginning of a 
great housing betterment. 

A large number of city planning commissions — 
now numbering about a thousand — have grown, which 
publish their fact findings and accomplishments in 
planning. Programs of procedure have boen evolved, 
more power acquired, and more influence — so that the 
city planning commissions have gradually taken an 
important and recognized position in the communi- 
ties. 

Ono of the earliest of such organizations is the 
American Civic Association formed in 1904. The 
National Conference on City Planning was organized* 
in 1910, and a more technical organization of the City 
Planning Institute was formed in 1917. The U.S. 
Department of Commerce in Washington D.C. has 
also been doing good work in the field of oity planning. 
Other active and influential organizations are the Na- 
tional Housing Association (1911), the American Fe- 
deration of Arts (1909), the National Commission of 
Fine Arts (1913), and the Federated Societies on Plan- 
ning and Parks (1926). 

There are other organizations who are contributing 
a great deal in the field of city planning. Such bodies 
are: — groups of architects, landscape architects, muni- 
cipal engineers, civil engineers, recreational specialists, • 
commercial and real estate men, and automobile manu- 
facturers and dealers. 
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One of the most interesting drive is the ‘City Beau- 
tiful’ mbvement in America, which started compara- 
tively recently. Under this movement the esthetic 
aspoct of city planning are stressed. Rewards and 
recognition are given to the city authorities for their 
efforts in tho direction. City beautiful movement has 
been a timely chock against the growing emphasis to 
‘city practical' of this industrial age which has a 
strong tendency towards giving a city tho look of gross 
commercialism. 

The Nature of Urban Dwellings 

It is true that houses are built in walls, floors and 
roofs. If this was the only consideration, building a 
house would be as simple as to construct a stable for 
horses. But neither human life nor his requirement is 
as simple as that of a horse. 

But, what has been the structure and layout of 
tho houses in our cities? They are no better than sta- 
bles and garages. As a matter of fact many people , 
have actually built their homes (?) in stables and gara- 
gos in our large cities today. The defect in designs is 
in acute state in urban areas where most of the people 
live in rented houses, flats and apartments provided 
by the landlords. Serge Chermayeff, an American 
architect and a Fellow of the Royal Institute of British 
Architects, observes “By far the largest percentage 
of multiple dwellings, whether vertical apartments or 
horizontal row houses, wore not designed as living 
space, but as an investment for the landlord. They 
have been unattractive, have lacked amenities and 
have forced dull uniformity and anonymity on the 
occupant.” 

Yet, the lack of general ideas in house planning 
and architecture, even for the owners own house, is 
appalling. Whether for renting or for living, no one 
seems to have paid any thought as how to design a 
house for comfortable living. “The examination of 
most housing problems,” continues Chermayeff, “re- 
veals the prevailing confusion as to what living 
space is. The confusion exists not only in the mind 
of the public but in the minds of those who supply 

• the housing, tho authorities, the real estate agents 
or, all too frequently and less pardonably, the design- 
ers.” 

Ownership of house is an important and interest- 
ing study in large cities. There is always a general 
trend of decline in private ownership of homes, and 
greater and greater number of people live in rented 
houses and apartments. By 1920, private ownership 
in New York City went down to 12.7 per cent which 
means that 87.3 per cent of the city population lived 
in routed houses. 4 The overall tenancy in the Ameri- 
can cities was 61.5 per cent in 1940. 1 

* Under such condition, the landlords have a big 
responsibility which they usually shirk and thereby 
lower the standard of housing to a great degree. 


While most of the housing will remain in the hands 
of private enterprise, it can and should take advantage 
of the advice from the city planning authorities. How- 
ever, in this age of industrialization in which Federal, 
Provincial and Local Governments are increasingly 
taking active interest in the matters of housing and zon- 
ing, it is but natural that these and other public agencies 
will bo coming forward to help in the building or remodel- 
ling of cities. In the United States, the Federal and 
State agencies are active in overall planning of cities, 
and giving financial aid for building low-rent f and no-rent 
houses for certain sections of tho community. India, 
at the present moment, is taking great interest in this 
matter and is apparently ready to render financial 
assistance as far as possible. But unfortunately the 
authorities have not formulated any city planning 
organization to handle the problem scientifically. 


Types of Organization 

There can be three types of City Planning Organiza- 
tions: (1) Federal or State, (2) Regional and (3) Local. 
Of these throe, the function of a local city planning 
body is more readily understood, being as one which 
is active on a particular site or city. On the other 
hand, “The need for Regional Planning”, says Hub- 
bard, “resulted when it becamo evident that the inter- 
ests of the community were not always contained with- 
in one political boundary.” In fact, regional city 
planning is essential for largo metropolitan areas. The 
best example of it is to bo found in the Chicago Regio- 
nal Planning Association which was formed in J 024. 
This regional planning Association was formed for the 
purpose of guiding and developing the region of Chi- 
cago within 50 miloe of the city limits. The central 
organization of the C.R.P.A. is maintained with a staff 
consisting of one President, 5 Vice-Presidents, 1 Secre- 
tary and 1 Treasurer. These members are elected every 
year. In addition, there are 30 Directors, each repre- 
senting some section of the region. The term of one- 
third of them (ix. of ten Directors) expires every year. 5 
Tho other notable one in America is the Regional Plan- 
ning Federation of the Philadelphia Tri-State District 
(established 1923) which plans for eleven counties of 
tho three States — Pennsylvania, New Jersey and Dela- 
ware that are grouped around tho Philadelphia-Camdon 
metropolitan centre. 6 This planning body has its 
jurisdiction over 4,500 square miles which supports a 
population of more than 3,500,000. 

The Federal organization is important for co- 
ordinating the planning works throughout the country. 
Its chief function is to be of a fact-finding nature, 
and it will supply the basic data to local and regional 
bodies. The State organization will also check dupli- 
cation of work. 

Most important function of the Federal Organi- 
zation is to form a stable nucleus and give recognition 
and impetus to such an important socio-tecbnical 
movement in the country. 
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Planning foe an Old City 

An old city needs replanning for two chief reasons. 
First, to correct old mistakes, and to remove the evils 
brought forth by them. Secondly, to amend obsolete 
laws and enact new ones and enforce them according 
to the current need of the community. 

The biggest problem of an old industrial city is 
the question of its slum clearance . The slum grows thro- 
ugh lack bf plans and policies on the parts of the city 
authorities and the industrial employers, and for the 
general lack of co-ordination betweon them. As a 
result, the slum grows till it gets beyond tolerable 
limit when a drastic measure becomes necessary at a 
tremendous cost. The city of Calcutta, for example, 
has roachcd this state, it is roughly estimated that 
about 27 per cent of the population (at 3.5 million) 
live in slum areas in Calcutta, and is still growing parti- 
cularly duo to the influx of refugees after tho partition 
of India. 

However, a thorough survey of tho problem is es* 
sential before any measure can bo planned for. This 
slum survey should aim at correct estimation of the 
number of slum dwellers, family sizes, income brackets, 
area covered and physical condition of housing, sani- 
tation, etc. 

It should be remembered that slum is an unavoid- 
able problem in this industrial ago, unless special and 
constant attention is given to avoid it. It is yet a mat- 
ter for special consideration in a country like ours where 
the average income of the wage earners is apallingly 
low. Although we may say that, wo have some thirty 
per cent of slum dwellers in the city of Calcutta, the 
figure would increase above fifty per cent judging from 
any decent standard of living as to be found in the 
Western countries. This includes a large portion 
of the so-called middle class. In other words, our 
slum problem is only a part of the general housing 
problem. 

In fact, “the eradication of slum and their replace- 
ment by decent housing is justified at almost any cost 
because such efforts tend to strengthen tho fibre of 
the nation.” 

The housing plan for an existing city includes se- 
veral items. Primarily, it needs a strong city authority 
to enforce certain codes of building standards regarding 
their construction, maintenance and provisions for ame- 
nities. While most of the designs of the existing houses 
cannot be altered, good deal of modem utility fittings 
may be easily included to the advantage of the occu- 
pant. Such fittings may include adequate electrical 
wiring, heating and cooking lines (gas and electric) 
with separate meters, sanitary fittings, extra water 
taps and wash basins, water pumps and overhead re- 
servoirs, tube wolls and so on. Further, if a strong safety 
and sanitation code is enforced, quite a lot of the delap i- 
dated houses will be found unfit for human occupation, 
and they should be demolished forthwith, 


New houses, on the other hand, should be designed 
with pro- thought on the requirements of a good home, 
and proper architectural consideration should -be 
given. 

An old and growing city usually suffers from Tra- 
ffic congestion , and unless a systematic traffic study is 
made, it leads to groat hazards in accidents, loss of 
time and money. In the city of Now York the loss 
due to traffic congestion is estimated at 1,000,000 dol- 
lars a day, and the loss due to traffic accident in Chi- 
cago at 120,000,000 dollars in one year. The annual 
economic loss through traffic accident throughout Ame- 
rica is over 600,000,000 dollars. 

The study of traffic movement is essential for tra- 
ffic planning — in opening new routes for public vehi- 
cular services, for diverting and dividing different types 
of traffic and avoiding bottlenecks. Traffic study is 
also necessary for the development, of suburban areas 
and satellite towns around a metropolitan area. 

Any sum appropriate for traffic, study is well paid 
for saving the loss of money, time and life. 

The question of water supply in a city is one of the 
major items which should receive primary consi- 
deration. The standard of cleanliness and sanitation 
of a city can be judged by tho amount of water that 
the people of the city is supplied with. Cities of Bombay 
and Calcutta have the biggest water supply systems in 
India, but even in tho pre-war days they hardly pro- 
vided 50 gallons per capita per day (g.e.d.). It may 
ho guessed that now, when tho population of these 
cities have grown between two and three times as much, 
without much improvement in water supply, tho pre- 
sent consumption will hardly hit the mark of 20 g.e.d. 
of filtered water. The average city supply in a civi- 
lized country is around 100 g.e.d. or roughly 5 times 
the present per capita supply of Calcutta or Bombay. 
The city of New York gets about 137 g.e.d., Chicago 
260 g.e.d., 7 and even the cities of California, a semi- 
desert State, receive over 130 g.e.d. 

There is considerable need and scope for improving 
and developing parks and open space for play grounds 
and recreational purposes. Twelve percent of land 
area is about the minimum limit of open space within 
the city limits. Where this minimum amount has not 
been developed, every effort should be made by the 
city authority to acquire lands for developing parks, 
play grounds and swimming pools. It is also necessary 
to develop equal amount or more of the marginal lands 
for similar purposes. Advantage should be taken of 
natural settings, if fortunately available, — such as water 
fronts, hills and lakes, which can be developed into 
beautiful recreational areas. 


Planning for a New City 

In certain respects it is more satisfactory to plan 
for a new city than to improve an old one, as its results 
aye more assured. 
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India needs many mope cities to build across 
the length and breadth of the country for uniformly 
distributing the population, and for national integration. 
We would need some 1,50() new cities of average 100,000 
persons in order to accommodate half of our population. 

The first move in this direction would be the for- 
mulation of a National City Planning Commission, and 
development* of local and regional bodies, about 
which a tentative plan has been given here in later 
pages. 

Selection of site is the first step to build a new town. 
The selection is guided by several factors of which phy- 
sical and economic factors are the most predominating 
ones. A complete survey of topography, water re- 
sources (surface and under ground), drainage lines, 
economic resources and commercial possibilities, etc. 
are necessary in order to determine the suitability 
of the site. Its present connection with the communi- 
cation arteries of the country, availability of building 
materials and other facilities are also to be considered. 

While planning for a new city, sufficient foresight 
is necessary to see the future growth of the city and 
provide it with necessary flexibility for its future expan- 
sion. When the city is growing, constant attention 
should be given to population prediction, and extend 
the plan ahead of time. 

Public utilities should be given the first considera- 
tion in building a new city. This includes primarily 
water supply, sewerage, electricity, gas, transporta- 
tion and communication. 

Housing should be built on a sound building code, 
and zoning is necessary to maintain an order and decent 
appearance of the city. Most prevalent system is 
to have four zoning* : Industrial, Commercial, Apart- 
ment. and 'Residential with their respective building 
codes. 

A well laid out city should be better intelligible and 
less confusing to any stranger, and the street system 
and house numbering should take some standardized 
form. Although much could be said about radial 
vs. rectangular street systems, the latter is the simpler 
and more commonly used. Rectangular block system 
with streets numbered, rather than named, is the easi- 
est one to follow. Under such system, Avenues and 
Streets run crosswise, numbered as 1st, 2nd, 3rd, ... , 
and each house is numbered after the number of 
block from the main co-ordinates of the roads. Thus 
a house bearing the number 1 105 East 4th Street will 
immediately tell you that it is the fifth house on East 
4th Street, eleven blocks away from the main Avenue. 
Thus ©very house can be easily located. 

! These rectangular blocks (a block is the property 
lots enclosed within four streets surrounding it) may 
bo of any size, but conveniently, between 300 and 400 
ft, on the long side. A block consists of two rows of 
properties divided by a central alley 15-20ft. wide at the 
ba'ck yards. If the depth of the lots are 125 ft. then 
the total depth of the block comes to about 270 ft. 


Under such a rectangular system some 35-40 
percent of the gross area is devoted to streets, which 
is usually a little higher than that in a radial (or circular) 
system of streets. 

For decent living, the density should not exceed 
15 families per gross acre. In the United States, 12 
families (of average size of 5 persons) is recommended, 
while, above 30 families per acre is considered dange- 
rous. ’ The Industrial Housing Sub-Committee of the 
Government of India recommended* a density of 20 
houses ( ~ 100 persons) per acre for the industrial workers 
and this is fairly reasonable. 

It is difficult to overemphasize the need of school 
building planning • Our school buildings in large cities 
are horrible in as much as they are completely dero- 
gatory to children’s physical and mental health. 
Lack of proper lighting, ventilation, play grounds and 
recreational facilities make the school a kind of prison 
for which no child can have love for his or her school. 

School buildings need a special kind of architecture 
und special kind of layouts. 

It will be intersting to note how much attention 
is given in school building programme in America. 
The minimum requirements, however, varies with the 
State laws. Generally speaking, large • Elementary 
School should have 5 or more acres of land; 20 acres 
for high schools, with pla.y ground at 100 sq.ft, per 
pupil. All schools should have a flag staff at least 
40 ft. high. Floor area is to be provided at 12-20 
sq.ft, per pupil, air space 200-225 cu.ft., and toilet 
fixtures at one per 25-30 pupils. 

Interesting studies were made through parents' 
opinions to decide on what could be the maximum travel 
distance for school children. The figures obtained 
are as follows : Half mile for elementary school 
children ; one mile for junior high school children ; 
and 2 miles for senior high school children.* 

Before selecting a site for a school, several factors 
are to be considered. Strayer and Engelhard t formu- 
lated a ‘score card’ for selection of a school building 
site based on the consideration of these items. Ac- 
cording to Strayer and Engelhard t, Location and Assem- 
bly carries 250 points, Size 300 points, Topography 
250 points, and Utility and Cost 200 points, making 
a total score of 1000. The site, out of a few alternatives, 
which scores highest should be selected. 

City Planning anb Refugee Problem 

The present problem of the rofugee rehabilitation 
is not a separate problem in itself, but is a part of 
the general rehabilitation problem of our country. 
The opening of separate colonies for the refugees will 
hardly hit the solution, on the contrary, they are likely 
to develop into colossal slums. 

The programme of resettlement of these unfortu- 
nate displaced persons should come under the general 
city planning activities, and the refugees should be 
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accommodated in every old and new cities, properly 
planned, where they can find economic opportunities 
and healthy social environment. There are more 
sociological eon si derations in this matter, than just 
to dump them in huts and buildings made for them. 
They are to be rehabilitated in order to ‘strengthen 
the fibre of the nation’, but so long as their case are 
treated as an isolated problem, nothing will be accom- 
plished. 

. . Very correctly our Governments (Central and 
Provincial ) have thought out the methods of distri- 
buting lands anti buildings to the refugees and liqui- 
dating the loan in course of time. Such programme 
can be easily extended to all the enterprising citizens 
to develop the unproductive and undeveloped regions 
of our vast country under a sound city planning move- 
ment. It may be noted in this connection that the 
Government of the United States formulated the Home- 
stead Law in 1802 awarding free lands to encourage 
the poople to settle on the Western half of America 
in order to relieve the East of its population pressure. 
Under this Act, free land were provided to people 
who would undertake to develop and settle in the West, 
the Government providing them with some of the pri- 
mary amenities of life. In order to meet the primary 
requirements, the 1 1. S. Government established in 
1902 the Bureau of Reclamation and entrusted it with 
harnessing water resources in the arid west and produc- 
ing electric power. 

Our Government can also take the lesson and plan 
to integrate our nation through such nation building 
projects. 

City Planning Organizations for India 

As explained in the previous sections, India needs 
formation of a Central City Planning Organization, 
together with local and regional ones. Some of the 
principal features and functions of these organizations 
are suggested below. 

National City Planning Commission is to be the 
parent organization sponsored by the Government 
of India to act as the nucleus of the eity planning 
activities throughout the country. The chief function 
of the Commission will be to collect and disseminato 
information pertaining to city planning problems. 

Although no attempt has been made so far to col- 
lect and co-ordinate the data, valuable information 
lie scattered in the hands of the respective municipal 
and other bodies of our existing towns. It is regrettable 
to mention that many information of national interest 
are sacrosanct to public who have no access to these 
data. The author has had very unfortunate experi- 
ence in this country in his attempts to collect such data 
of public interest from our Government offices and other 
agencies, while he found it exteremely easy to collect 
such information abroad, especially in America. No 
planning, whether national, corporation or private, 
can be possible unless there is free exchange and disse- 
mination of information. It is ridiculous that our 
Governments could publish many technical reports on 


matters of public interest and label thorn as ‘confi- 
dential’ or ‘for official use only’, thereby barring the 
citizens to take interest in their own affairs. 

The Planning Commission, in the first instance, 
can contact the relevant authorities (municipalities, 
corporations, public utilities, etc.) of our existing cities 
and compile a set of valuable information. Later 
on, it can proceed to make field studies, or suggest 
the respective bodies with needful surveys for their 
own benefit and for the benefit of the public. 

The City Planning Commission is to be constituted 
of technical experts in various fields, such as, engineers, 
architects, landscape architects, geologists, geographers, 
economists, population experts, statisticians, scientists, 
not excluding lawyers, industrialists, and experts in 
other professional fields with experience in planning. 
It is also essential that most of the members should 
be full-time workers. 

The activities of the Commission may be divided 
into several sections, such as for Population studies, 
Housing and Zoning Regulation, Public Utilities, 
Economic Studies, Social Studies, School Planning, 
Slum Clearance Programme, Parks and Recreational 
Planning, Refugee Rehabilitation, New Town Site Sur- 
veying, and a few more as may be necessary. 

Regional Planning Committees : The need of 
creation of Regional Planning Committees are already 
felt in several metropolitan areas in India, such as 
Calcutta, Bombay, Madras, Kanpur and other places. 
The suburban areas of Calcutta, for instance, in its 
(about) 25 miles of radius is so vitally interlinked in 
its industrial, commercial and residential interests 
that the need of proper planning of this entire area 
of about 2,000 square miles appears to be extremely 
vital. The satellite towns are boing allowed to grow 
haphazardly with unplanned street system and housing, 
inadequate transport and communation facilities, and 
meagre public utilities to function. Most of the activi- 
ties of those Regional Planning Committees would be 
in the direction of Housing Improvement, Slum Clear- 
ance, Expansion of Public Utilities, and establishment 
of standards of amenities, and co-ordination between 
the different parts of the entire area. At the present 
moment the Committee may also be entrusted with the 
placement of the refugees to the predetermined and 
optimum capacity. 

Local Planning Boards : All the existing towns, 
and those to build, are to be placed under their respec- 
tive city planning bodies in order to develop them 
scientifically. Like the National and Regional bodies 
these local planning boards will collect relevant infor- 
mation and their investigations should be more thorough 
and intensive on their local sites under development. 
The local planning boards, like the regional commi- 
ttees, will also plan intonsively within their respective 
jurisdictions. 

All these three types of organizations will work in* 
co-operation, exchange their data and views, and will 
co-operate with the public. 
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Conclusion 

The city planning movement, as we need it today, 
is a matter of great concern for our country. Consi- 
dering the present state of the situation we find that 
there is the pressing need of remodelling our cities 
to bring them up to the modern standard. A large pro- 
portion of the effort is also to bo directed in finding 
the possibilities of opening new cities. 

India's economy is lopsided. Our industry is poorer 
than our poor agriculture. Our leaders are determined 
to get a proper balance by developing our national 
industries. But industry has an entirely different 
reaction on the society than the agricultural economy 
would give us. 

Industry evolves the urban structure whoso func- 
tional activities are different from the rural one to which 
our large agricultural communities were so long accus- 
tomed. But a great change is coining : industrial 
economy is gradually taking the place of agricultural 
economy of our country. With it will come the 
complexities which, when properly administered, will 
give us more opportunities and fuller life. 

Cities are the outcome of industrial economy. 
We need both of thorn, and they are inseparable. 
We shall have both, or none. But if we neglect, as wo 
are doing, to build our cities on definite plans, we are 
apt to get into a mess in course of time. Our large indus- 
trial cities are already in it, and it is high time that we 
pay attention to them, and to the cities we are going 
to build in future. 

It is important to see that our two largo cities, 
Calcutta, and Bombay, commands the highest concen- 
tration of population, and more and more people from ail 
quarters of the country are being drawn into them. 
This is because these two cities provide the maximum 
economic scope consistent with the present concept 
of industrial economy. It should not also be over- 
looked that these two cities together produce half of the 
total electricity produced in whole of India, which shows 
why other quarters of India arc lacking in their develop- 
ments. Development of electricity in India has drawn 
attention of our national planners, and many hydro- 
electric schemes are under consideration or in the 
making. River valley development has also been 
started. Our future city planners can take advantage of 
these sites. Let us also think of city planning along 
with these industrial developments, and co-ordinate 
human happiness in good living in the complexities of 
the industrial age. 


India is a vast country where most of the lands 
are yet undeveloped and virgin. There are stretches 
of land thousands of square miles in area where touch 
of modern civilization has not been experienced and 
where primary amenities are hardly available. But 
let us not expect all these facilities and amenities to 
exist in the backwoods by some act of miracle. These 
are to be dovolopod by man, and man has always deve- 
loped them. Such development needs planning. 
The author has no hesitation to say that every inch of 
Indian soil can be made beautiful and habitable through 
proper planning and co-operative w r ork of the indivi- 
duals and the Governments. 

City building is to be our biggest national rehabi- 
litation programme for the even placement of our 
population of all quarters of tho country. But foolishly 
wo have made it a provincial issue. We have got to 
get rid of the legacy left by the British rule and adopt 
broad national outlook for our national integration. 
Unless the main land of India is thoroughly planned 
for balancing in the population distribution, the nation 
„ cannot be strong. India has enough land, in fact, 
more land is available per capita to Indian people than 
that to many other progressive nations including the 
British. India need not look forward, in the false 
name of ‘population pressure/ to colonizing desert 
lands, marsh lands and islands before planning oil her 
own vast main land. The population balancing on 
India’s main land is not only possible through national 
city planning activities but is absolutely essential for 
her economic and social rehabilitation and for her 
national consolidation.* 
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Chemical Structure 

£ELLULt)SE has a chemical formula (C e H 10 O fi ) n , with 
the usual meaning attached to C, H and O and with 
the value of n varying from a figure of two digits up to 
four digits, according to the source from which the 
material is obtained. A sample of colluloso is known 
today to consist of a long chain condensation polymer 
of glucopyranese residues joined by 1 : 4 linkages, the 
length of the chain not being uniform but varying from 
that composed of a few glucopyranoso residues to ono 
of thousands of such residues. To put an explanatory 
note, the repeat pattern of a simple substance or chemi- 
cal group is a polymer and the formation of such by . 
elimination of a molecule of water, a condensation poly- 
mer, the ring configuration of glucose is glucopyranose 
and according to the position of OH in the ring it 
is either a or J3 ; 1:4 linkage is indicative of the way 
in which one glucose unit is connected with another 
in the pattern, the numbers signifying the position of 
carbon atoms ; and gluoopyranose residue means 
what is left in glucose after the elimination of water. 
To illustrate diagrammatically the configuration of a 
chain of colluloso is as follows : 



In a three dimensional strainless molecular model 
constructed by using correct atomic parameters, the 
pyranose rings alternate in respect to the side that is 
uppermost. Looking from the i de, the chain appears 
as follows : 
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with the valuo found from X-ray diffraction diagrani. 
Since this arrangement in a molecular model permits 
some rotation around the glucosidic bond, tho possibi- 
lity of a chain structure with an identity period differ- 
ent from that duo to colluloso cannot bo ruled out. As 
a matter of fact, the identity period 8.7A for alginic 
acid fibre fits in with this concept of ‘'armchair” or 
trans-form of pyranose ring having a freedom of rota- 
tion round the glucosidic bond. 


Reactivity of Cellulose 


A cellulose chain haB some characteristic features 
due to the chemical groups attached to tho pyranose 
rings. There are two secondary OH groups bound with 
the carbon atoms 2 and 3, and a primary OH group 
with tho carbon atom 6. Tf cellulose is subjected to 
acetylation (treatment with acetic anhydride and ace- 
tic acid under homogeneous condition) such as obtained 
by proswelling in H 3 P0 4 or calcium thiocyanate (so 
that no impediment to acetylation is present on ac- 
count of crystallinity or otherwise), tho primary OH 
groups at fi are acotylatod twice as rapidly as the secon- 
dary OH groups at 2 and 3; on the other hand in the 
process of xanthation (treatment with about 18% 
NaOH solution and subsequent treatment with CS 3 ) 
the xanthato group (CS 2 group) is preferentially bound 
with the secondary OH group in 2-position. It seems 
in this case that primary OH groups are most strongly 
bonded in the structure and so loast reactive to a third 
component, whereas secondary OH groups are loast 
bonded and, therefore, can roact more freely. It is 
only in a homogeneous system when the bondings of 
C 9 hydroxyls are broken that the primary hydroxyls 
are preferentially attacked. The strong bonding be- 
tween the primary OH groups in cellulose is assumed 
to bo due to tho formation of “hydrogen bond,” i.e. % .a 
type of bond formed between two molecules by moans 
of a hydrogen bridge giving the appearance of a valen- 
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The unit ABCD represents a (3 glucopyranose ce of two to the hydrogen atom. Many interesting 
residue and O is the oxygen atom. The identity period phenomena in cellulose are bound up with tho in&cti- 
10.3 A calculated from atomic parameters checks well vation of OH groups, perhaps in 2 and/or 3 positions. 
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If two OH groups are separated by 4,OA° (which is the 
normal distance of Van der Waals forces) they retain 
their normal reactivity. However, if they are separa- 
ted by 2.8A° (corresponding to H-bonding) they will 
lose fcome of their reactivity; finally if they are separa- 
ted by 1.5 A ° they react with each otBer to form an ether 
(R-O-R) which is an irreversible cross links. Between 
these threp extreme cases there may be a whole series 
of intermediate cases of bonding and reactivity. The 
decrease in reactivity of cellulose (as shown by, sav, 
less hygroscopicity, less acetyl content after acetyla- 
tion) on drying is possibly due to these mechanisms, 
the hydroxyl inactivation depending upon the manner 
in which the water molecules are taken out of cellulose 
in the process of drying. 

As for example, use of heat tends to violent vibra- 
tion of chain molecules as a result of which they come 
into each othor’s sphere of action for formation of hy- 
drogen bonds. Therefore the best means of elimina- 
tion of water held by hydrogen bonds keeping the struc- 
ture open is to use successively larger molecules like 
alcohol, other, cyclo-hexane for replacing water. These 
larger moleculos are of course difficult to remove but ’ 
even if some of them remain they do not interfere with 
ordinary reaction liko acetylation. 

Special Structure Features 

Looking at a chain molecule of cellulose and re- 
membering the manner in which the ring form of sugar 
is derived, it will be noticed that in a complete chain 
both terminal glucose residues are distinguished from 
those in the body of the chain, one by the presence of 
a reducing hemi-acotal and the other by the presence 
of an extra hydroxyl group. The term hemi-aeetal 
means the structure produced by opening up of the 
double bond of an aldehyde. 

H H 

cH,-i + o— ch 8 = ch 8 — (Loch, 
oh ob 

aldehyde alcohol hemi acetal 

Similarly the ring form of sugar is a hemi-aeetal as 
illustrated by the following diagram 

CH 2 OH 


The experimental evidence in support of the pre- 
sence of a homi-acetal is not very convincing, although 
numerous workers have attempted to evaluate the 
chain length of cellulose on this idea. However, the 
presence of an extra hydroxyl group at one end of 
celluloso chain has been proved beyond doubt from 
methylation experiments. 

There is another peculiar feature of cellulose. The 
study of the degradation of cellulose reveals that here 
in contrast to that in polyesters or polyamides, one has 
to reckon with some foreign or odd bonds along the 
chain, over and above those due to 1-4 glucosidic link- 
ages. The kinetics of degradation of long chain mole- 
cules with identical bonds along the chain have been 
worked out by a number of investigators and in cases 
of molecules of polyesters and polyamides theoretical 
formulae have been fairly well confirmed by experi- 
mental results. Both degradation and rate of hydro- 
lysis studies support the view that there are weak spots 
distributed along the chain, and the frequency of occur- 
rence of these spots is about l in 500 glucose resi- 
dues for ordinary cellulose. The structural role playod 
by those weak spots has been emphasized in a recent 
communication which suggests a new structural for- 
mula for cellulose and ascribes these weak spots to sim- 
ple sugars, such as, glucose, eellobiose, cellotriose etc. 
occurring in hydrated open chain forms and holding 
the long chain molecules together by means of hemi- 
aeetal linkages between the hydrated aldehyde groups 
and any of the alcoholic groups of the glucose units in 
the main chains. 


Thermodynamic Properties 

Thermodynamics doals with the external effects 
of external causes and its results do not depend on pre- 
conceived ideas about molecules and chain structures. 
As a matter of fact, the conclusions derived from ther- 
modynamics would be valid, oven if there were no such 
things as structures and molecules. Now on account 
of its chain structuro, associative groups like OH and 
high molecular weight cellulose possesses certain spe- 
cial thermodynamic properties regarding solubility 
and viscosity and osmotic pressure of solutions. For 
example, while in a dilute solution of spherical parti- 
cles the dissolved particles are free, being almost com- 
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pletely saturated with solvent, so that there is no sig- 
nificant interaction between the particles themsolves, 
in even highly dilute solutions of cellulose the mole- 
cules are not free because of the associative groups 
(OH) and the resultant high interaction between solute 
and solute as well as between solute and solvent. It 
is possible through the application of thermodyna- 
mics to deduce for a solution a relation between the 
activity (fugacity or escaping tendency), hoat of mixing 
(relative attraction energies of like and unlike mole- 
cules in thd solution), and entropy (randomness) of 
mixing of its component or components. Jn the case 
of several chain polymers the quantitative relation 
thermodynamically deduced, after taking into account 
the deviation from ideal conditions of zero heat of 
mixing, uniform size and shape of molecules and per- 
fect randomness of mixing, has been found to agree 
with the experimental results. The physical states 
of a chain polymer as to its flexibility, mode of packing 
and mutual attractive forces have a pronounced in- 
fluence upon its solubility. Thus polyvinyl alcohol 
having the same ratio of OH groups to carbon atoms 
as cellulose, is soluble in water. The explanation is 
that the polyvinyl alcohol chains are very flexible to 
allow penetration of solvents which results in the great- 
er entropy change on dilution. The water solubility 
of starch is traceable to the highly branched nature of 
its chief constituent araylopeetin which makes tho pack- 
ing of the chains rather looso when compared with 
cellulose; the increase in tho solubility of cellulose deri- 
vative with the increase in tho substitution of OH 
groups to a certain point, indicates that the mutual 
attractive forces between the chains tend to reduce 
solubility. 

The solutions of cellulose and cellulose derivatives 
in various organic and inorganic solvents have been the 
subjects of numerous investigations. All experimen- 
tal evidences to date support the view that cellulose is 
molecularly dispersed in such solutions, each molecule 
being only occasionally associated with its neighbours, 
and any such association, if at all formed, being soon 
broken by thermal agitation. Tho molecular size of 
cellulose may be determined from measurements on 
its solutions: such as, viscosity, osmotic pressure, sedi- 
mentation in ultra centrifuge and light scattering. 
The term viscosity means resistance to flow which is 
tho property that regulates motion of adjacent portion 
of the liquid and can be considered as a type of inter- 
nal friction. The viscosity of a gas can be explained 
from the point of kinetic theory assuming momentum 
transfer as a result of collision between gaseous mole- 
cules. But this concept of momentum transfer cannot 
be applied with the same success in the case of liquid 
viscosity. A theory has however been recently pro- 
posed to explain the viscosity of simple liquids in which 
assumptions have been made that liquid contains holes 
somewhat smaller than the molecular size and that 
the system may be treated, as consisting of molecules 
in a solid state, with organized structure interrupted 
by the molecules in the neighbourhood of the holes 
which are in the gaseous state. The molecules in the 


liquid are assumed to jump into the holes, at random 
in all directions and the effect of shearing stress is to 
reduce the activation energy necessary for molecules 
to jump from one point to an adjacent hole, if the jump 
takes place in the directions of the force and to increase 
the activation energy, if the jump is in the reverse 
directions. 

• 

In the case of suspensions of colloidal particles 
increase in viscosity over that of the continuous phase 
originates by a mechanism different from that which 
applies in tho case of simple solutions. For rigid spheri- 
cal particles the specific viscosity, 

ft ■ <n 

(i.e. y where rj = solution viscosity; 

rj n 

rj 0 = solvent viscosity.) 

varies linoarly with volume concentration and is inde- 
pendent of the size of tho particles. For non-spheri- 
cal particles various relationships in terms of axial 
ratio of the particles, volume concentration and spe- 
cific viscosity have been proposod from time to time. 
The relation between concentration and viscosity of 
a dilute polymer solution can be expressed as a simple 
power scries: 

V*v = + a i c + a 2 c2 + a » c3 + 

in which a 0 must necessarily be equal to zero since the 
spocific viscosity of puro solvent is zero. Then 

V*v " «i c + + 

Neglecting the higher terms than the quadratic and 
dividing by c 

lo =* *1 + a 2 c 

If 7 ? Kp /c is plotted against c, one gets a straight line 
having an intercept, along the X-axis which is called 
the intrinsic viscosity, [ 7} ]. Tho relation between in- 
trinsic viscosity and molocular weight can be generally 
written as 

[rj ] = KM' a where K = constant 

M = molecular weight. 

The value of the exponential factor a depends on the 
form or shape of the molecule and varies between 0, 
and 2, according as the molecule is highly coiled into 
a spherical form, randomly curled or rigidly extended 
in the form of a rod. For cellulose acetate the value 
has been found to be 0.78. 

In view of the rather involved relationship between 
intrinsic viscosity and molecular weight of a chain mole- 
cule as indicated above, it is not possible to determine 
the molecular weight from measurements of viscosity 
alone. Tho method, if at all to be used, requires deter- 
mination of molecular weight — intrinsic viscosity 
curve for each polymer-solvent system, which then 
offers a convenient method of finding the molecular 
weight of new samples of the same polymer from mea- # 
surements of the intrinsic viscosity of its solution in 
the same solvent, 
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Molecular Weight 

Strictly speaking, molecular weight is the pro- 
perty of a pure homogeneous substance and since cel- 
lulose like most other high polymer substances is not 
such a matorial, its molecules in a given weight varying 
in lengths, (so that there is a frequency distribution 
of chain lengths) one can only speak of an average mole- 
cular weight of collulose and such like polymer subs- 
tances. The value of the average depends on what 
type of average is considered or obtained by the parti- 
cular experimental method employed. There are four 
important averages: (1) Number average M n , (2) Weight 
average, M w , (3) Z average M 2 , and (4) Viscosity average 
M,, expressed mathematically, 


M n 


SJfi n\ 


a. 


SJfj x { 

_ SJIfi 2 x { 
~~ EM, a?] 


m, - rs^i <r *i]V c 

whore n t , ,T| and are the numerical proportion, 
weight fraction and molecular weight of fractionated 
material of narrow molecular weight range. The de- 
termination of molecular weight in general, therefore, 
involves separation of the material into various frac- 
tions according to chain lengths, by first dissolving it 
in a good solvent and then precipitating out with a 
non-solvent. The molecular weight of each fraction 
is then determined by any of the methods such as end 
group estimation, cryoscopic and ebulloscopic deter- 
minations, osmotic pressure, light scattering, visco- 
sity and ultra centrifuge. The end group, cryoscopic 
and ebulloscopic methods are not of much use for deter- 
mining the molecular weights of cellulose, since they 
are not reliable for materials having molecular weights 
more than a few thousands. Regarding the principles 
involved in the other methods the following is a brief 
summary: 

(i) Osmotic Pressure — In a system consisting of 
a solution and a solvent, separated by a wall of semi- 
permeable membranoe which allows only solvent mole- 
cules to pass through, the energy will be imparted to 
the wall by the dissolved molecules and the pressure 
due to this is called the osmotic pressure. The osmo- 
meters generally consist of two metal blocks into the 
faces of which shallow cylindrical grooves are cut. The 
membrane is supported by the edges of these grooves 
and the osmotic pressure is usually read from the diff- 
erence in height of the solvent and solution in two capi- 
llaries connected through channels to the grooves on 
the two sides of the membrane. 

The membranes are usually made of nitrocellulose 
or cellophane. Since the ven’t Hoff equation govern- 


ing osmotic pressure, concentration of solution and 
molecular weight does not hold in the case of high 
polymer solutions and quantity Pjc (P= osmotic 
pressure, c = concentration) increases rapidly with 
concentration, a curve showing 'the relationship of 
P/c and c has to be drawn. The intercept on the ordi- 
nate of this curve being inversely proportional to mole- 
cular weight, according to the equation, Intercept 

RT 

= (where, R = gas constant, T = absolute tem- 
perature) affords a means of obtaining the molecular 
weight. The deviation from van’t Hoff’s law has been 
explained by several authors in terms of a constant 
defined by the slope of the P/c vs. c curve* The value 
of this constant is assumed to depend upon a number 
of factors such as, heat of mixing* shape and flexibility 
of chain molecules, randomness of mixing and swel- 
ling of the molecules in solution. 

(ii) Light Scattering — This method is chiefly due 
to Debye and Doty. When a beam of unpolarised 
light passes through a solution the total amount of 
scattered light is related to the molecular weight of 
the soluto in such a way that measurement of inten- 
sity of the scattered light at 90° to the beam, may be 
used for determination of molecular weight. The 
method involvos measurements of turbidity, osmotic 
pressure and refractive index of solutions, and know- 
ing the wave length of light used, the molecular weight 
can be evaluated from the relation: 

jj I 1 , 2B 

Bcl ’ -M + sr* 


where // = constant depending on wave length, re- 
fractive index and osmotic pressure, according to the 
relation: 

H 32 p 8 y* /z 2 / 3N 0 A 4 

(where N 0 — Avogadro’s number, P *= osmotic pres- 
sure, y — increase of refractive index with solute con- 
centration, /i = refractive index of pure solvent), 
r = turbidity defined by, 

/ - J 0 e ~ T ‘ 

whero I B = intensity of incident beam, 1 = intensity 
of scattered light, l — length of the scattering medium; 
M = molecular weight, c = concentration, R = gas 
constant and T — absolute temperature. Plotting 
Heft vs. c, a straight line is obtained and the inter- 
cept on the ordinate of the straight line gives 1/M. 
Comparing the effects of molecular weight on osmotic 
pressure and turbidity, it can be seat that osmotic pre- 
ssure is inversely proportional, whereas turbidity is 
directly proportional to molecular weight. This in- 
dicates that osmotic pressure method is particularly 
useful for low molecular weight and light scattering 
method is more appropriate for high molecular weight. 
The use of the osmotic method for very low molecular 
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weight is however limited by the diffusion of the solute 
through the membrane and the use of the light scat- 
tering method for high molecular weight is compli- 
cated by dissymmetry of the scattering, which effect 
renders the application of this method loss simple than 
it would seem to be at the beginning, but, on the othor 
hand, contributes valuable information about the ave- 
rage shape of the dissolved molecules. 

(in) Ultracentrifuge — The technique of ultracent- 
rifuge largely due to Svedberg consists of centrifuging 
the polymer solution at an acceleration several thou- 
sand times gravity and measuring either (a) sedimen- 
tation rate or (b) sedimentation equilirbium. 

(a) Sedimentation rate: This is determined by 
observing the rate of fall of a meniscus which sepa- 
rates the solution from pure solvent by moans of either 
ultra-violet absorption or refractive index measure- 
ment. The general equation for the fall of particles 
of mass ra, specific volume F, under the action of a 
centrifugal 'field of angular velocity <*> is, 

1 — vd 
u mr <*> a — j — 

where u —the constant velocity acquired by the partic- 
les under the mutual influence of buoyancy, friction 
and acceleration; r — distance of particles from the 
axis of rotation; 9 = density of solvent or med'um of 
suspension of the particles; f = co-efficient of friction 
of the particles. 


whore s — sedimentation constant. 

Expressed in terms of molecular weight, M and co- 
efficient of diffusion D, 

M — m.N — molecular weight ( N — Loschmidt num- 
ber); J? — f.N ssz molecular co-efficient of friction. 

M 1 - Vd 
e ~ N ‘ F/N 


ing downward and diffusion acting upward. For 
such a condition, « 

_ 2RT log (c/c 0 )J_ 

M ~ (i . ~ F0K(* a - V) 

where c ~ concentration at the distance x from the 
centre of rotation, and c 0 is the concentration at a re- 
ference point in the solution, x 0 cm from the centre of 
rotation. Using light absorption method of recor- 
ding sedimentation equilibrium, one can plot log c vs. 
x 9 to get a straight line the slope of which is: 

M(\ - Vd)** , 

" 2RT l ° 9ln€ 

Knowing the values of tho other constants molecular 
weight, M can therefore, be determined. 

Recent studies have shown that the molecular 
weight of native cellulose is somewhere between 
1 ,200,000 and 1 ,500,000. For molecular weight determi- 
nations up to 1 500 or 2000 the methods cryoscopic and 
ebulloscopic, which give the number average are reli- 
able; for molecular weights of 20,000 and upwards there 
are a number of methods such as osmotic pressure giv- 
ing the number average, light scattering which gives 
the weight average and ultracentrifuge which gives 
either weight average or Z-average, depending upon 
the procedure. The various averages are nearly equal 
when a well-fractionated material is omployed for tho 
experiments. Between the range 2000 and 20,000 the 
usual methods of molecular weight determinations do 
not seom to give very accurate valuos. Recently there 
has been a claim from Paris by Guastalla, for the use 
of a new method of molecular weight determination 
which is reliable between the range 5000 and 30,000. 
This involves spreading polymer molecules in a Lang- 
muir trough in such a way that they are independent 
of each other and exert a pressure against the walls 
(like a gas), which can be measured by constructing a 
very sensitive balance at the end of the. trough. 

Fibbe Stbuctubb of Cellulose 


Now, F.D s» R.T (D — co-efficient of diffusion) 

„ 1 Vd 

• • 8 - M RffD 


or m- _ y d)D 

from which molecular weight can be determined 
regardless df the shape of the particles. 

(b) Sedimentation equilibrium: A colloidal sys- 
tem may be centrifuged until the boundary between 
solution and pure solvent is no longer displaced, *'.e. 
when there is a bajanpe between centrifugal force act- 


Cellulose in ordinary available forms is not compo- 
sed of isolated chain molecules. It aggregates into 
fibres having crystalline and amorphous regions, the 
relative proportions of which can be determined by 
method of hydrolysis (due to Nickerson), density 
and X-ray mothods (due to Hermans) and isotope 
exchange method (Champetier). Mark has classified 
high polymers as rubbers, plastics and fibros on the 
basis of their crystallizing or aggregating tendency,* 
the .values of which ho has calculated for a number 
of materials. The index of crystallizing tendency 
is termed the molar cohesion per unit length, which 
is generally between 1000 and 2000 cals per mole for 
rubbers ; between 2000 and 5000 cals per. mole for plas- 
tics, and above 5000 cals per mole for. fibres- .From the 
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point of view of mechanical properties, rubbers are 
materials with a low initial modulus of elasticity 
(10 6 to 10 T dynes per sq.cm.) and a long range of exten- 
sibility and they are almost completely and instanta- 
neously elastic ; plastics are material with moderate 
initial elastic modulus (10* to 10® dynes per sq.cm.) 
and only a certain part of their deformation is rever- 
sible while another part represents a permanent set ; 
fibres are materials with high elastic modulus (10 10 
to 10 11 dynes per sq.cm.) and low range of extensibility, 
part of which is instantaneously reversible, part ex- 
hibits delayed elasticity and the rest represents per- 
manent set. The plastoelastic behaviours of rubbers 
have been theoretically worked out by a number of 
authors, viz ., Kuhn, Tobolsky and Eyring. Their 
theory does not however apply in the case of plastics 
and fibres. 

The Structure of Cellulose as revealed 
BY X-RAYS 

The direct evidence for the fibrous structure of 
cellulose which is largely due to its crystallinity, as 
has already been stated, is provided by definite diffrac- 
tion spots or rings in the X-ray diagram. If cellulose 
were composed wholly of disorganised or partially 
organised cellulose chains, the X-ray diffraction pattern 
would at best consist of one or two diffuse bands. 
The diffraction pattern of a single cellulose fibre or a 
bundle of parallel fibres taken with the X-ray beam 
striking at right angles to the firbe axis consists of 
disoriented arcs. This indicates that a cellulose fibre 
is composed of crystalline aggregates which are oriented 
in such a way that a common crystallographic direction 
lies within a certain angle from the fibre axis. The 
facts which may be deduced from a single X-ray 
diffraction diagram for a given specimen of cellulose 
are; (1) crystallinity, (2) geometry of crystal system, 
(3) dimensions of unit cell, (4) size of crystals and (5) 
degree of orientation of crystals with respect to fibre 
axis. Cellulose belongs to the monoclinic system 
having the unit cell parameters, a=8.2A, 6=10.3A, 
C—7.8A and 0-=84°. 

Besides the native cellulose known as cellulose I 
having the unit cell structure as above, there are two 
other modifications of cellulose, cellulose II and cellu- 
lose IV, of which the former occurs in nature only 
in the marine alga Halicystis, but formed on merceri- 
sation of cellulose I. Cellulose IV is formed when 
strongly stretched mercerised cellulose is heated for 
about half an hour at 200°C. The unit cell parameter 
of cellulose II and cellulose IV arc : y 

a b c p 

1 cellulose II 8 . 1 A 10. 3A 9. 1A 62' 

cellulose IV 8- 1A 10. 3A 7.9A 90 

The crystallinities as measured by diffuseness, 
anomalous intensity distribution, and change of any 
particular spacing, of different samples of cellulose 
vary over a wide range. But a wider variation is 


noticeable in the degrees of orientation of cellulose 
samples of different sources. The orientation of the 
cellulose crystallites both as to type and degree of 
perfection can be determined from the intensity dis- 
tribution along the arcs of the reflections in the fibre 
pattern. Hermans, Kratky and Platzek have suggested 
a quantitative method of evaluating the X-ray diagrams 
of cellulose fibres. The method consists of measuring 
the intensity distribution along the equatorial arcs 
101, 101 (treated as one interference) and 002, and 
makes use of the expression, * 

/ x = 1 — f (sin a a 0 + Sin *a a ) 


where /x —orientation factor, a 0 and a a are the angular 
distances from the equator along the diffraction arcs 


101 

101 


and 002, 


Sin 3 <* n 


f »/i a / 

] F 0 (a 0 ) Sin a ao Cos a Q daJ 


j F 0 (a 0 ) Cos oc 0 da 0 


and 


t rrL 


Sin 2 a a = I F z (a z ) Sin 2 a z Cos a z doc z 


r 71 1 2 

J F z (ffj) Cos ot z da z 


The numerical values of Sin 3 a can be derived from the 
intensity distribution curve, I=F(<x) by the prodecure 
suggested by de Booys and Hermans, that is, by 
plotting the graphs I Sin 8 a cos a and I cos a against 
a, graphically integrating the curves, and taking the 
ratio of integrals. 

In the colloidal range of dimensions, the smaller 
the particles and the fewer the diffracting parallel 
plains, the broader and more diffuse will be the dif- 
fraction maxima, which characterise a given crystalline 
structure. This leads to methods of evaluation of 
crystallite sizes of cellulose fibre from measurements 
of the breadth of diffraction lines. Several formula 
have been proposed from time to time by various authors 
but the assumptions on which the formulae are based, 
are far from correct. 

As for instance, the crystallite sizes are not uni- 
form; they are perhaps not free from lattice defects ; 
and so on. However, the size of the crystallite for 
ramie (cellulose fibre) determined by this method is : 
a==50A, 6— 500 A and c=50A. Recently a more 
accurate method for determining the size of the crys- 
tallite has been suggested by Guinier and Hosemann, 
which consists of measurements of intensity of reflec- 
tions due to scattering at small angles. 
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Amorphous Cellulose 

A microscopic study of the mechanism of cotton 
growth has revealed that there are daily growth rings 
in the cell walls of cotton. The sharpness of these 
rings has been found to depend upon changes of tem- 
perature, quality of radiation and moisture in the 
surrounding atmosphere. If cotton is grown in a 
laboratory under constant temperature, radiation 
and moisture, it does not show any growth rings and 
its X-ray diagram exihibits only one broad and diffuse 
halo with no sign of crystallinity. This amorphous 
cellulose is supposed to have the interesting property 
of drawing like nylon, t.e., become highly crystallised 
after drawing. 

The other interesting discovery is with regard to 
the behaviour of cellulose in ultra-violet light. Still- 
ings and van Nostrand found that action of ultra- 
violet on cellulose was not only the breakdown of 
glucosidic linkages, but the effect continued even after 
the samples were removed from the sources of ultra- 
violet. Of course, the latter reaction stopped whofi 
the samples were stored in atmosphere of nitrogen. 


The start of the photochemical reaction by ultra-violet 
did not require, however, the presence of oxygen, 
since the action started even in the absence of oxygen. 
But for subsequent action oxygon was necessary. 
It is possible that ultra-violet prepared the cellulose 
for subsequent attack by oxygen. 

This raises a question that cotton in the unopened 
boll remains undegraded but when the boil opens, after 
which harvesting is done, there is degradation of its 
average chain length. There might of course be 
difference in the action of ultra-violet on cotton on 
growing plant as compared with that after it is harvested. 
A relevant analogy to this can be found in the fapt 
that fur on animal when exposed to the sun is degraded 
much less than the same on fur coat. 

It*is not possible to deal with all the ramifications 
of cellulose study in a short review like this. TJiis 
is only a summarised report on the subject, leaving 
aside the detailed accounts related to hygroscopicity, 
swelling, X-ray diffraction, formation of derivatives, 
dye affinity, resin bonding, effect of non-cellulpsic 
constituents and so on, all of which form other interest- 
ing chapters of the long story of cellulose. 


CULTURAL DYNAMICS AND ACCULTURATION 

NABENDU DATTA-MAJUMDER 


r T'HE second quarter of the twentieth century is mark- 
A ed by striking refinements and innovations in the 
anthropological approach to the study of culture, based 
on a combination of the historical and functional methods 
which has resulted in a renewed emphasis on a field of 
anthropology known as Cultural Dynamics in general 
and Acculturation in particular. This emphasis re- 
cognizes a new, in a fresh form, the principle oi universal 
fluidity and changeability enunciated by Kapila, 
Buddha, and Heraclitus in the seventh and sixth 
centuries B.C., which has already been accepted by the 
natural sciences. 

The reasons for the recent development of interest 
in such studies are both historical and psychological. 
The first historical root lies in the situation in which 
anthropology found itself in the first quarter of the 
twentieth century. The rejection of classical evolu- 
tionary views, followed by two extreme reactions in 
the form of world- wide diffusionism and functionalism, 
brought anthropology to an impasse. There was a 
feeling of futility and hopelessness in those who were 
interested in understanding the nature and dyna- 
mic processes of culture. The rise of the American 
Historical school emphasizing distribution studies 
within limited areas in order to understand both 
historical and functional processes, showed a way 


out of the difficulty. The point of view expressed by 
Boas in the statement, — “For an intelligent understand- 
ing of historical processes a knowledge of living pro- 
cesses is as necessary as the knowledge of life processes 
for the understanding of the evolution of life forms , ” l 
is an index of the growth of new interests which 
finally culminated in Cultural Dynamics and Accul- 
turation. 

The second historical reason lies in the completion 
of European penetration of the far corners of the globe. 
The impact of this factor on primitive cultures in the 
case of many peoples set in motion a rapid process 
of change in non-literate societies that constituted 
a challenge to the scientific student of culture. The 
concept of uncontaminated, harmoniously functioning 
cultural wholes became more and more meaningless, 
and anthropologists came to direct their attention 
to changing cultures under contact situations, instead 
of peoples with undisturbed ways of life. 

The third and the more positive factor leading to the 
development of interests in studies of cultural dyna- 
mics is a growing anthropological concern with the 
psychology of culture, resulting from the shift in em- 
phasis from the study of formal aspects of culture to the 
analysis of cultural ohange. The understanding of the 
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reaction of individuals to their ways of life was realised 
as being . of the greatest scientific importance. The 
development of concern with problems of dynamics 
was to be seen most clearly in the stress laid, after 1925, 
on acculturation studies. This resulted in the establish- 
ment, in 1935, of a ‘Hub Committee on Acculturation' 
consisting of E. Itedfield, R» Linton, and M. J. Hers- 
kovits, by the Social Science Research Council of the 
U.S.A. 'this subcommittee by defining the conoept 
acculturation and indicating the problems and methods 
of study, focussed attrition to this newly- developing 
subject, and thereby caused its further development. 

Acculturation, as defined by this committee, 
“comprehends those phenomena which result when 
groups of individuals having different cultures come 
into continuous first-hand contact, with subsequent 
changes in the original culture patterns of either or 
both groups." For further clarification of this concept, 
a note was appended saying : . , 

“Under this definition acculturation is to be distinguished 
•from culture change, of which it is but one aspect, and assimi- 
lation, which is at times a phase of acculturation. It is also 
to be differentiated from diffusion , which, while occurring in 
all instances of acculturation, is not only a phenomenon which 
frequently takes place without the occurrence of the types 
of contact between peoples specified in the definition above, 
but alBo constitutes only one aspoct of the process of accul- 
turation.* 

This definition of acculturation was soon found 
to require revision in the light of fresh materials. It 
was maintained that the qualifying clauses “continuous 
first hand contact" and “groups of individuals" should 
be modified to cover those acculturation situations 
where the contact is neither continuous nor between 
groups. Herskovits has drawn attention to the situa- 
tion in the islahd of Tikopia, where aboriginal patterns 
are being invaded by European culture elements as 
a result of “the visit of the mission boat once or twice 
a year, and the work of a single missionary (a native 
of another island and not himself a European.)" 3 
Linton speaks of the difficulty in exactly delimiting the 
frame of reference established by the phrase “conti 
nuous first hand contact". He says : 

The observed cases of contact between various groups 
show all degrees of closeness and continuity. They form a series 
Within which there are no obvious lines of demarcation and the 
limits of Acculturation on this basis must be left vague. « 

Greenberg has pointed out the case of the amalga- 
mation of Mohammedan and aboriginal belief among 
the Hausa, where the aceulturative agents are Koranic 
texts and native learned men, known as Malame. 5 
In view of the difficulties presented by“ these new 
materials, Herskovits. has suggested that “the definition 
be re-phrased so as to emphasize the continuous nature 
of the cultural impulses from the donor to the receiving 
group, whether this be at first hand or through literary 

* channels."® 

* Acculturation, it must be stressed, is but one 

* element in the study of culture-change or Cultural 
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Dynamics, winch includes changes of all kinds, whatever 
reason they may be due to. Broadly speaking, there 
there are two classes of forces or stimuli, external and * 
internal, which bring about a series of readjustments 
leading to cultural change. The external stimuli are 
supplied by the process of culture borrowing or diffu- 
sion. The internal stimuli are provided by innovations 
from within a culture, that, is by discoveries and inven- 
tions. 

Culture borrowing or diffusion is of ma^or import- 
ance in cultural change. In spite of the “psychic 
unity of mankind," conceived of by the evolutionists, 
inventions and discoveries take place in a given culture 
but rarely. Culture borrowing is a much easier task, 
and goes on almost constantly all over the world through 
peaceful or hostile contacts. The pan-Egyptian theory 
of the British diffusionists or the kulturkreise of the 
German- Austrian Culture-Historical School may be 
rejected, but the role of diffusion as a significant factor 
in cultural change cannot be doubted. Peaceful pene- 
trations and military conquests have, throughout 
♦history, made cultural readjustments inevitable. 

The main distinction between studios of diffusion 
and acculturation studies, actually, lies in the methods 
employed in each. The former depend on the assump- 
tion of historical contact between different peoples from 
cultural similarities, while the latter work on the basis 
of real history derived from historical (i.e., source) 
materials as well as contact situations where culture 
borrowing is in progress. In other words, observed 
phenomena, as against assumed ones, form the subject 
matter of acculturation. 

The scientific contribution of acculturation studies 
does not. lie in their concern with the fact of culture 
borrowing whon two social groups come into contact, 
but with finding the conditions and processes under 
which culture borrowing leading to cultural readjust- 
ment takes place. The special significance of accul- 
turation studies may be said to be threefold : 

(а) Acculturation . facilitates the comprehension 
of the nature and processes of culture. As the funda- 
mental mechanisms involved in the origin and growth 
of culture usually lie dormant in relatively stable cul- 
tures, it is very difficult to understand these mechanisms 
by studying stable cultures alone. But when a culture is 
undergoing transformation due to the impact of an 
alien culture, the usually hidden, fundamental mecha- 
nisms come to the surface and operate visibly. In 
such a situation, it becomes easier to grasp these mecha- 
nisms. 

(б) Acculturation studies, by illuminitig content- 
porary processes and their effects, would throw light 
on events of past epochs. For, the same mechanisms 
must be assumed to have been in operation in contact 
situations of antiquity. In this respect, there is m 
analogy between the method of geology and that Of 
acculturation. In pointing out this analogy Hallowdl 
jfcjrs: 
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One is reminded here of the doctrine of uniformitarianiem 
enunciated by Lyeli when he wrote his Principles of Geology 
over a century ago. Whereas earlier geologists had sometimes 
invoked specific explanations (for example, catastrophies) for cer- 
tain past events, Lyeli emphasized the fact that the same proces- 
ses must be assumed to be operating in the past as at present. 
By carefully observing the effect of contemporary processes 
we will be in a better position, he said, to understand tho events 
of past epochs. This principle has become well established 
in the natural sciences and is just as applicable in the scienti- 
fic study of man . 4 

(c) Acculturation studies have, made it possible 
to effect a great methodological advance in anthropo- 
logy by introducing the element of historic control, 
approximating a laboratory situation. This methodo- 
logy, which is a combination of ethnographical and 
historical methods, . has boon termed “ethno- historical 
method” by Herskovits, and well illustrated in his 
study of the Negro in the New World. 8 In his Afro- 
American studies Herskovits has drawn on both his- 
torical documents and ethongraphic data to determine 
the African cultural background or baseline from which 
New World Negroes came. It is from this baseline 
that he has triod to measure the changes taking place' 
in Negro life in the New World as a result of their contact 
with European cultures. Schapera also has followed 
essentially tho same method in his culture contact 
studies in Africa, though ho has not called it ethno- 
history. 0 

Tho specific problems which anthropologists, inter- 
ested in cultural dynamics, are endeavouring to solve 
may bo enumerated as follows : 

(а) What happens when two social groups with 
different culturos come into contact ? 

(б) What determines tho acceptance or rejection 
of cultural traits in tho process of culturo borrowing ' l . 

(c) What are the mechanisms involved in the 
acceptance of new elements ? 

(d) Are now elomonts accepted entirely or par- 
tially ? ... 

(e) How are new elements integrated into 
the receiving culture ? 

(/) Do new elements undergo any change in form 
or meaning or both in the process of integration ? 

{g) Are some aspects of ctrftuTe more liable to 
change than others ? 

(A) Is it possible to formulate any general laws 
of cultural change ? 

A satisfactory answer to these questions will have 
to wait till acculturation studies are made in different 
parts of the world to a much greater extent than have 
been mada at present. Only the initial steps have hoc, n 
• taken in - this direction. 

(>?rtein theoretic?al concepts, aiready developed by 
students of acculturation, may be, mentioned here : 

* ' j (I) 'Oidtute • boYrmcing * is selective: Different as- 
pects of culture are* differently affected in accordance 
with the ^particular 'historical situation under which 


contact Occurs. As a rule, in conditions of voluntary 
borrowing, the focal area of culture, that is, those as- 
pects Which interost the poople most and are constantly 
in their consciousness, will exhibit more changes* than 
the areas outside the “cultural focus.” Tho term 
“cultural focus” has boen defined by Herskovits as 
“that phenomenon which gives a culturo its particular 
emphasis; which permits the outsider to sonsfe its special 
distinguishing flavour and to characterize its essential 
orientation in a few phrases,” 10 But in those situations 
where force is applied to one of the parties in contact, 
the focal area seems to offer the greatest resistance to 
change, and consequently retention of original customs 
will bo strongest here. The point has been demonstrated 
by Herskovits in the case of New World, Negroes who, 
though they have lost the economic and political 
aspects of their African cultural heritage, have retained 
a great deal of their religion (which is the cultural focus 
of tho African Negroes) in spite of heavy pressure on 
the part of Christianity. 

(2) Syncretism and Reinterpretation are two of 
the important mechanisms through Which the reten- 
tion of original customs as well as the acceptance of new 
elements are facilitated. The process of syncretism 
has been defined as “the tendency to identify those 
elements in the new culture with similar elomonts in 
the old one, enabling the persons experiencing the 
contact to move from one to the other, and back again, 
with psychological ease.” 10 

The identification of African deities with saints 
of the church in catholic countries of the New World, 
and that of the Hausa iskoki with the Mohammedan 
jinn arc instances of syncretism. The writer has dis- 
covered the same tendency among the Santal whon they 
indiscriminately apply the Hindu word Thaknr and 
the Munda word Sing Bonga to their High God Chando ; 
or when Chando is syncratized with tho Hindu deity 
Rama under tho name Ram Chando ; and when* they 
accept Kali , Dharitri , and other Hindu deities in their 
pantheon of- bongas or spirits. 

In a situation where pressure is applied to one 
of the parties in contact, and tho new element demanding 
acceptance is too divergent to allow of identification 
and syncretism with the old ones, the mechanism of 
retention through reinterpretation comes into play. 
This mechanism consists in reinterpreting tho meaning 
of . tho pre-oxisting element, in such a way as to suit 
the form of the new clement that has to be accepted. 
When the American Negroes had to accept monogamy, 
they reinterpreted their traditional polygeny as suc- 
cessive, rather than simultaneous, plural ' matings, 
thereby accepting the new and retaining the old custom 
at the same time. 11 In the case of the Christian Santal, 
an attempt has boon made to reinterpret the traditional 
Supreme Being, Chatida, in £U6h a Way as to include the 
three aspects of the Holy Trinity. Again, Ram Ckando 
of the HindUized Santa! hasbeOn reinterpreted by ono 
native leader to Cover the Reinterpreted Chando' of 
the Christian Santal, thereby providing an instance 
of double reinterpretation. 
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(3) Though continuous first-hand contact between 
two cultures creates a condition favourable for accul- 
turation, and generally leads to reciprocal borrowing 
of cultural elemonts, yot of itself it is not a sufficient 
cause for any radical readjustment in the way of life 
of either group in contact. This is apparent when 
in studying the Santal we consider the following facts : 

(a) Though the Santal have long boon dependent 
on Hindu and Mohammedan weavers for the supply 
of thoir cotton cloths, they have not cared to learn 
the art of weaving. (6) Though every Santal village 
has a resident Hindu blacksmith for making and repair- 
ing their ploughshares, the Santal have not carod to 
learn this art in spite of generations of socio-economic 
interaction with Hindu blacksmiths. 

This principle is also exemplified by tho contact 
situation prevailing among the four Nilgiri tribes, Toda, 
Badga, Kota and Kurumba. These tribes have been 
living in “economic and social symbiosis” without 
attempting to learn each other’s special occupation. I. * * * * * * * * * * 12 * * 

(4) Hallowell has put forward the following 
two concepts : (a) Learning exercises a great influence 
in acculturativo as in all other situations involving 
the transmission of culture. Tho existence of incentives 
to learning promotes acculturation, while barriers 
retard it. (b) Acculturation under conditions of volun- 
tary learning is not disruptive. 18 It has been observed 
by the writer that the Santal of Birbhum, living in 
villages near the educational institutes of Santiniketan 


and Sriniketan, are being encouraged to learn weaving, 
carpentry, and cultivation of new crops. They are 
learning these and other new elements without any* 
radical change or disruption in their mode of life. 
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RECENT ADVANCES IN APPLIED MICROPALEONTOLOGY AND 

MICROPALEOBOTANY 


H. S. PURI and J. SEN 

CALCUTTA 


I. Micropaleontology 

(a) Introduction and Origin of Micropaleontohgy 

JLJICIIOPALEONTOLOGY, a science dealing with 

A fossil remains of organisms of the past, their 

structure, genetic relations and distribution in 

space and time has demonstrated great usefulness 

particularly in petroleum discovery and recovery. 

The microfossils, especially Foraminifera , have been of 

inestimable practical value in oil geology as ‘index 

fossils* because of their smallness and abundance which 

makes it possible to analyse their distribution by means 

of statistical methods. These tiny little ‘medals of 

% creation’ which once were the pastime of ‘naturalists’ 

whose interest was limited in the description, general 


classification and distribution of these forms, were 
taken little notice of until a few decades back 
when their value in stratigraphy was recognised. 
Chapman (1902) was one of the first to recognise their 
importance in stratigraphy and in his opinion “the 
remains of Foraminifera found in the various fossili- 
ferous strata of the earth’s crust are often of great im- 
portance to the stratigraphical geologist”. J. A. Cush- 
man was one of the first to establish the value of fora- 
miniforal studies in the field of economic geology while 
Galloway began at the same time mioropaleontological 
examination of samples from oil wells in Mexico for 
practical purposes of stratigraphic correlation. In Texas, 
as early as in 1921, applied micropaleontology was well 
established when the oil companies based their geologi- 
cal interpretations of rooks on their ‘restricted’ assem- 
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blages of Foraminifera examined by their research 
staff. This led to the economic application of micropa- 
deontology in all countries where oil is produced or where 
exploration for oil is being carried out. 

The small size of the fossils led to the development 
of a special technique of collection, preparation and 
examination of material and these methods are now 
standardised though they remain flexible to be appli- 
cable to great variety of natural conditions. 

• • The abundance of microfossils which necessitated 
organized work and progressed so rapidly that flood 
of micropaleontological literature accumulated during 
the last fe w decades has become more difficult to handle 
than the material itself. Steps have been taken by 
Ellis and Messina (1940) to overcome this obstacle bv 
their efficient and co-ordinated work of issuing a cata- 
logue and bibliographic service which serves as a clear- 
ing house for this bulky literature. The department 
of Micropaleontology of the American Museum of 
Natural History has started the publication of an in- 
ternational news quarterly, . The Micropaleontologist, 
with the hope to maintain a closer liaison between . 
workers in the field of micropaleontology and to avoid 
duplication of effort and to stimulate discussion on 
matters relating to taxomony and nomenclature and 
publication of new techniques, procedures as well as 
personal items concerning workers in this field. 
The department has emphasized to enlarge their depo- 
sitory of topotype material maintained for exchange 
and for the use of their subscribers by inviting samples 
of any washed material for the depository which it is 
hoped will further the cause of micropaleontology. 

The smallness and abundance of microfossils lends 
itself well to the statistical methods of investigation 
whifch have been successfully used. Quantitative 
methods represent a better approach to the problem 
of getting the most accurate information from paleon- 
tological materials. The fundamental factor in any 
quantitative analysis is embodied in sampling theory 
in which only a part of fossil population is studied since 
it is quite impossible to study all the members of a po- 
pulation and again it is rather impossible to study enor- 
mous number of individuals that are present. This 
has made it necessary to study a relatively small sample 
from a certain outcrop which would give as much in- 
formation as a comparatively bigger sample. 

The difficulties encountered in economic appli- 
cation of micropaleontology has led to a private system 
of index numbers or letters instead of scientific names 
for species and ‘type 1 specimens of these species are 
kept for reference in a private laboratory, while in 
academic field, an intensive campaign of description 
and publication of microfossil assemblages has contri- 
buted the bulk of about 300 new genera and about 
5000 new species of Foraminifera during the past fif- 
teen years. 

Micropaleontology in its early days was mainly 
concerned with finding ‘marker horizons’ in oil fields 
and as these markers could be based op the presence 


of certain distinctive fossils in local or regional strati- 
graphic sequence or on their absence in some other 
part, little or no significance was attached to the re- 
search work, to the factors responsible for limited range 
of such ‘Markers’, their nomenclature, distribution, 
paleo-ecology and paleo-geography. Since the corre- 
lation was required only in limited oil-bearing struc- 
ture or oil-field, little was done in the way oi regional 
correlation, on the significance of the distribution of 
faunal assemblages and faunal facies. Recent works 
on the morphology of Foramanifera, including statistical 
analysis of morphological features in successive popu- 
lations, the paleo-ocdlogy of microfossil assemblages 
and the significance of their distribution, the ecology 
of the recent Foraminifera and the distribution of mo- 
dern faunal facies and their correlation with the various 
water masses; with bottom sediment conditions and 
their comparison with fossil assemblages; on various 
phases of evolution of microfossils and on their succes- 
sion of intercontinental or even world -wide geographic 
and geologic range and on biostratigraphy have un- 
doubtedly brought micropaleontology in line with the 
main trends of modern paleontology. Practical appli- 
cation of micropalcontology to solve complex geologi- 
cal problems and making regional correlations possible, 
has widened the theoretical foundation and has also 
improved the apparatus of micropaleontological re- 
search besides a detailed morphological analysis which 
has become the basis of taxonomy. 


(b ) M icro fossils — Foraminifera 

A considerable amount of work has been done in 
the last few decades on the morphology of the test, 
the composition and the structure of the shell wall 
by several workers but the problem of a commonly 
acceptable classification of Foraminifera is still unsol- 
ved as the practical workers who are quite familiar 
with the foraminiferal contents of the geological colu- 
mn and are the obvious workers to study the phylo- 
geny of Foraminifera seldom have an opportunity to 
do this kind of work since they are mostly occupied by 
their routine work. Tho ideal team for such a kind of 
research will be protozoologist and practical micropaleon- 
tologist with an interest in paleo-ecology. A more 
natural cassifi cation done for tho sake of better under** 
standing of the phenomenon of foraminiferal evolu- 
tion and also for taxonomic reasons is desirable and to 
attain this Voorthuysen (1948) has expressed the need 
of building up of a “more natural classification” of the 
Foraminifera. Hofker (Voorthuysen 1948) on the 
basis of internal structure alone intends to build up a 
new classification w r hich it is hoped will give us a better 
understanding of the phylogeny of the Foraminifera; 
will remove the existing taxonomic confusion and will 
also increase our knowledge of the paleo-ecology. But 
a classification based both on inner and outer struc- 
tures of Foraminifera such as the one introduced by 
Hoglund (1947) will bo more natural. Recently Wood 
(1949) has shown that the microstructure of the test is 
of taxonomic importance. Glaessner (1945) has stres- 
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sect the need of a fuller description of a new species 
based on thorough study of several individuals of a 
newly discovered population “with definite indications 
of the intcraspocifio range of variations” and Orman, 
micropaleontologists in their agreement of a “standard” 
of {he avaijabity of at least ten well determinable spe- 
cimens to define a now species is a good start (Hc<ht 
1948) and HeohUs suggestion that the consideration of 
stratigraphic range in the definition of a species will 
lead to a vicious circle wall certainly be welcomed by 
many All we want is a natural classification whuh 
can only be attained by a closer co-operation of proto- 
zoologists and practical paleontologists. 

(r) Paleo-ecology and the Foraminifera 

Considerable amount of w r ork has been done on 
paleo-ocology, the science of fossil organisms in i ela- 
tion to their environment at the time of their existence, 
death and burial in the sediments which is governed 
by three mam factors Much reflect considerably in the 
composition of a f annul e — an assemblage of fossils pre- 
served in a stratum of limited vertical and horizontal 
iango. Biocenosis or the condition which enabled the 
association of animals in the area of sedimentation; 
circumstances which led to the burial of certain assem- 
blages consisting of indigenous as well as exogenous 
fauna and the conditions of fossilizatipn are the main 
factors responsible for the distinction of biofacies as- 
semblages formed at the time but under different con- 
ditions. The biofacies do not always or entirely depend 
on rock-facies since contemporaneous lithologically 
similar deposits formed under similar physical environ- 
ment often have different biofacies. Thus the dis- 
covery of a distinctive fossil faunal assemblage is no- 
thing more thah an indication of probable occurrences 
in adjoining areas of either identical or entirely diff- 
erent contemporaneous assemblage m every single 
basm of deposition which normally include near- «h ore 
and off-shore areas, shallower or deeper zones, warmer 
or cold regions, embayments and also areas influenced 
by currents. Hince facies change both horizontally 
and vertically and these changes do not proceed e\ ery- 
whore at the same rate and time, faunal changes in suc- 
cessive strata are not only due to organic evolution 
but also to stratigraphically significant ecological diff- 
erences w hich generally account for the changes in the 
composition of fauna due to the sudden appearance 
of ecologically distinctive dominant elements which 
may serve as local or even regional time markers. Fau- 
nal zones may be recognised in one type of facies but 
inuitiother type, a uniform fauna throughout the se- 
quence may not give any indication as to the difference 
in age of older and younger beds. 

f Paleo-ecological analysis of faunal assemblage 
based upon a comparison with recent foraminiferul 
assemblages living under known conditions has made 
it possible to establish stratigraphic relations by ignoring 
divergent ^ecological elements. Such an analysis is 
useful not only in an investigation of conditions of de- 
position but fdso helpa in determination ,of similarities 


and differences between foramiuiferal assemblages 
which can bo interpreted in terms of stratigraphic 
classification- Unfortunately the available informa- 
tion on the influence of individual environmental fac- 
tors of which temperature, depth, salinity* food, light 
and oxygen contents are the most important is limited 
but steps have been taken by the Woods Hole Oceano- 
graphic Institution to farther out knowledge Of modem 
ecological conditions (Phloger 1948). Some of these 
factors effect the distribution of Species and genera 
and perhaps families and oven larger taxonomic units 
which are dependent on geologic conditions' 

Certain biondmic group, like the planktonic, pri- 
mitive arenaceous, imperforate calcareous, attached, 
brackish water and the larger Foraminifera which are 
not necessarily taxonomic units have been recognised 
where no clear analogy between the composition of 
the entire fossil and living faunas cOuld be established. 
Some of these bionomie groups have been subdivided 
into smaller units depending On their distribution 
upon special ecological conditions for example assem- 
blage with abundant Epistomina Occurring at the same 
time and some what different assemblage without Fpis- 
tomina m the Middle Jurassic, HauterVian and Albian 
of Northern Germany (Hefisoldt 1938). 

(d) Correlation 

Mitrofosssils have been used with great success in 
establishing age relations between various sedimentary 
rocks, in identification of discontinuous parts of ori- 
ginally continuous beds in surface outcrops or bores 
and in the description of their sequence and structural 
behaviour because of their abundant occurrence, even 
distribution and the possibility to obtain them from 
small rock fragments and drill cores, 0 

Stratigraphic approach in micrppaleontology lies 
in the identification of miprofpssils as ‘indices' and that 
the strata containing them occupy a definite place in 
the geological succession. The terminology for tho 
units in tho chronologic scale is under discussion but 
the following terms for the subdivision of the geolo- 
gical time as w r ell as for units of the rock sequence (Rche- 
nck & Muller 1941) has beep in qse: 


Time 

Time-Rock 

Era 

Group 

Period 

System 

Epoch 

Series 

Age 

Stage 


Stages have been Subdivided into zones which are us- 
ually named after characteristic fossils which may or 
may not be restricted to it and i$ distinguished from 
others by the distinctive fossils it, contains. Tho diff- 
erence between successive zones are caused by evolu- 
tion, migration or extinction of forms and rapid environ- 
mental conditions create Jaunal zmw characterised by 
distinctive .fossil , assemblage . while the/ evolutionary 
changes * create $\ ozqw * . 
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liQCAl .correlation and .identification' of strata. based . 
on, f^ujaaJ.^ouos has, made it possible to. assign thow 
«one9 topographically, or structurally Lsolated strata. 
The correlation depends more on the. corresponding 
discontinuous in the vertical section . rather than ‘on 
similarities between correlated zones and also on - the 
relative frequencies of forms present. Regional eorre- - 
lation based on faunal evidence extending over large 
areas have been attempted with success in the Gulf 
Coast/, Central America; Oaliforma, the IridchPacific 
RegioiV The Caucasian Region, Northern Germany * 
and the ' Anglo-Franco-Belgian Tertiary baSiil. The 
original « microfaunal stratigraphic classification has 
produced some of the most valuable contribution 
to geology which micropaleontology can make and 
six- divisions (‘a’~~T’) have been established in the Ter- 
tiary of the East Indies (Van der Vlerk and Umbgrove 
1927)* each of them defined by a different combination 
ofNummulitic, Orbitoidal and Alveolinid genera and 
Glaesstier (1943) has attempted a stratigraphic' corre- 
lation in the Indo-Pacitic based mainly mi larger Tor a- 
rainifera. 

II. MrCUOPAI^OBOTANY 
. . .. (Spores & Pollens) 

(a) Introduction-'- During the last thirty five years ‘ 
the study of plant microfossils has been greatly stimula- 
ted' by its application to the problems of Stratigraphy, 
paleogeography, paleoecology and phylogeny of the plant- 
groups that, yielded ihicrofossils in ancient sedimentary 
deposits. The mierofossils with tlieir distinet-R O’ ‘struc- 
tures are highly resistant to decay due to the presence 
of cutin and lignin-eoniplex', so that they arc permanent- 
ly entombed under the continued ‘ sedihiehtaiion. 
Fragments of these rocks, day or peat, may yield wealth 
of microflora representing the floras of the past; When 
systematically investigated these floras may yield 
valuable informations pertaining to the various prob- 
lems of geology and botany. 

The origin of this branch, of comparatively new 
science perhaps, dates back to about 115. years when 
Witham (1 836)* noted .plant microfossils in coal . fSinee. 
the time, of, Witham many workers have made, casual . 
observations -of microscopic remains of plants in sedi- 
mentary strata. Among others Dawson, Reinseh, 
Friich* Weber; von Post (1 916-30) arid Lagerheim *lm\ c 
distinguished • themselves- in the field 'of micropaleo- 
botany during the early period of development of this 
science, but the last two authors continued to contri- 
bute until recently. The- reniassanee period of miero- 
paleobotanieal studies began since these microstrtu- 
turea became of practical and eoonomic value and man y ■ 
investigators have now-joined this field of investigation 
in different -parts of -the world. - v “ 

The nature of mierofossils and .the types, of. rocks 
in which, .they .are embedded, necessitate .wicle varia- 
tions in the methods of study involving different techy, 
niques. Such techniques have been evolved by 
erent.^k^rs, to requirements .^ specific, na- 


recently madri ‘ short • reviews ' of the methods in micro- 
paleobotiiny.* ’’ 

\ The present* discussion .includes only the spores 
an<i,policna.as mierofossils, to the exclusion of all other 
types of microflora,.. and , their importance in the field 
of .applied mieropale.obot.any so that the readers may . 
not, fail .to appreciate the, more important aspects of 
the .subject. . ... . 

' In the field of stratigraphy, mi or bpa 1 eobo tan y 
has not yet been given .its proper recognition as en- 
joyed by ihieropaledntplogy and other methods of ap- 
proach. This is partly due to the difficulty in. classi- 
fication and identification of the plant microfossils. 
In. .spite. -of* these* difficulties voluminous literature on 
fossil spores and pollens .have now been accumulated 
and intense researches are in progress in diff erent coun- 
tries to develop, the science into a thoroughly practical 
method. It now remains to systematize this know- 
ledge to the best advantage of stratigrapbical problems. 
The unique advantage of plant mierofossils over ani- 
mat ' micrdfo^sils is that Among others the micrOflora 
* usually occur in coat and peat in addition to the asso- 
ciated Strata, and that they are usually preserved bet- 
ter and occur more widely in various types of sedi- 
mentary deposits. ... .... • , * * 

(b) MicrofomU in coiil.—lw IT. S. A. Reinhardt 
Thiessen (19T3-41 ) and his associates are perhaps the 
fRst to establish methods in the preparation of thin 
sections 6f coal ‘to niafce use of such mierofossils (e.g., 
megasporc) as a basis of correlation of coal seams. 
They prepared a series of thin sections of coal from floor 
to .roof, and .took .records *of. the percentage of occur- 
rence of the different spore types found therein, and . 
finally, correlated . the coat seams on the data thus 
obtained. The outstanding defect in Thiossen’s me- 
1 hod .is that in thin sections of coal only a sectional or 
one view of the- spores may be studied, and as such 
they are not easily and positively determinable. 

In England*, Evans and lately Slut yr, Evans arid 
Kddv. (193d) made similar studies. A few, years, later 
Jlais trick in coTlal)dratidn with Simpson, (1933) began’ 
to develop a new. method, of correlating coal seams.. 
They separated the mierbspores in coal by chemical 
treatment to obtain different view's of the spores for 
correct , determmation and 4 placing .them under some 
mijnerical names. Ihe niicrospores were, counted to, 
give a diagram showing the, proportions in which di- 
fferent spore types were present in the coal under in- 
v estimation- When a number , of. such diagrams were 
prepared >nd compared irom different coal seams it. 
was usually expected that the diagrams of a particular 
seam should be similar, but sharply different from those 
of the ptberv* seajns.. This ris partly due .to probable 
wind dissemination of, spores, as , a result of which, tb#, 
spore .'.content .of -a particular sea jn tends to be uniform , 
h.opizont.ftlly- , “If &ny, group of fossils, plants pr am- • 
rnalg, w^s.^volying ,at a fairly rapid , rate .during, the 
depQgjtiW qf. (Jp%l.WW»ies. of ,pt>urte,,.ai)y ojh.er , 
ss tlAa.tthe pcrM of t-ip*?- covered by , 
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tion of the strata is sufficiently long for the group of 
organisms to undergo considerable progressive changes, 
it .should be possible to sub-divide the strata into 
separate zones in the changes shown by the fossils or 
their spores. The deposition of the Coal Measures took 
millions of years, and as such there is considerable 
difference between the members of different plant 
groups and /heir spores occurring in the earlier strata 
of the period, and those in the later strata, and such 
differences can be profitably used to sub-divide and to 
correlate the series.” Since the memorable researches 
of Raistrick (1931-39) many authors contributed largely 
to establish the micro-spore method into a thoroughly 
practical one. 

According to Naumova, (1937) in Russia “The Geo- 
graphic complexes of spores and pollen distinguished 
makes it possible to establish the largest stratigraphical 
sub-division, of the coal-bearing beds and to correlate 
individual horizons within the bed.” 

In India, similar work is in progress in the Rani- 
ganj and Karharbari Coal fields, and a preliminary 
report of such work in the disturbed eastern part of 
the Raniganj Coal field has already been published 
(Sen, 1944). 

In America the limitation of Thiessen’s thin sec- 
tion method was soon realised, and before his death 
Bentall applied chemical method to isolate the spores 
for stratigraphic! work in Tennessy Coal-field. Similar 
work is in progress in Illinois, Iowa, Pennsylvania and 
West Virginia, and the results are highly convinc- 
ing (Wilson, 1944). 

So far very little work has been done on Creta- 
ceous and Tertiary Coal. But work is in progress in 
different parts of the world to use micro-fossils for the 
study of these younger coal-fields. In India the work on 
the stratigraphic position of some Assam Tertiary coal 
seams has been provisionally established (Sen, 1949a). 

It. has also been noted that some spores have res- 
tricted vertical range of distribution. These spores 
are referred to as zone fossils , and are usually of high 
correlative value. Such spores used as zone fossils 
have been recovered from the Coal Measures in diff- 
erent parts of the world. 

Spore flora has been more profitably used in Russia 
to establish the geological provinces of the Moscow 
Basin, Kaizel Basin, the Pechora River, the Voranezh 
region, Borchogur deposit, Spitzpergen (Town of Pyra- 
mids), Northumberland, the Karaganda Basin, Donetz 
Basin and several others of Carboniferous age (Wilson, 
*44). 

Results obtained by Raistrick, as already indi- 
cated, laid others to suggest fuller exploitation of spo- 
res in stratigraphic problems of coal-fields. Turner 
has discussed the scope of micro-spores and made the 
interesting observations that “if each seam of coal 
contains a definite and invariable suite of miorospores, 
the mining engineer will have in his hand another means 


of determining the coal-seams found in an unproved 
area.” Similarly, the identification of a seam across 
a fault may be determined by microepore analysis 
(Wright). In India this fact has actually been proved 
in the eastern part of the Ranigunge coal field. In 
the absence of any other paleontological evidence, 
micro8porc analysis can be used to identify a seam 
(Trueman). 

In addition to their value in correlation work 
microfossils are also of great use in the study of cer* 
tain other aspects of coal petrology. In* America, 
Roos (1937), studied the various uses that can be made 
out of residues obtained from maceration. From the 
examination of maceration residue he attempted to 
determine the nature of coal and drew some interes- 
ting conclusions from his results. Predominance of 
spores and cuticles refer to durainous coal, and those, 
of resinous and bituminous bodies indicate a major 
occurrence of vitranised element. Theissen and Sp- 
runk (1935) classified bright coal on such characters 
as the richness of spores etc. In India similar investi- 
gation is being continued on Raniganj, Barak ar and 
Karharbari coals (Sen, 1949b). 

(c) Microfossils in younger strata . — The import- 
ance of microfossils in the pre-Quarternary stratigraphy 
has now been fully realised, and workers are now en- 
gaged in exploring all such possiblitics. Such and 
other associated problems in pre-Quarternary and Quar- 
ternary Geology will be discussed in the succeeding 
paragraph. 

Sahni in collaboration with Sitholey and Puri 
(1947) has worked on the correlation Tertiary succes- 
sion in Assam by means of microfossils, and the pre- 
liminary results of the investigation show remarkable 
possibilities of correlation in all such work. Not only 
certain major groups have been recognised on the basis 
of characteristic microfossil types which seem to be 
confined to them but smaller divisions have also been 
recognized within each major group based partly on the 
absence of certain forms and partly on the relative 
frequency of those present. The result seem very 
promising and may indicate a new means of correla- 
ting Tertiary rocks by microfloral assemblages. 

(d) Microfossils and the measurement of geological 
time. — The possibilities of paleontological approach 
with special reference to micrcfcssiis for the measure- 
ment of geological time in India has recently been 
reviewed by Sahni (1947). He is perhaps the first 
worker to explore such possibilities, and before his 
untimely death did much to establish the usefulness of 
microfossils as age and horizon markers specially those 
of the apparently unfossiliferous and partly metamor- 
phosed deposits. Sahni (1946) and his students reco- 
vered Eocene microfossils from the long known unfos- 
siliferous Saline Series (Cambrian) in the Salt Range 
of the Punjab. 

This discovery led the geologists to re-examine 
the field evidences th$ light of Sfdxfii’s researches. 
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Examination of control samples from the undisputed 
Cambrian beds overlying the Saline Series (Ghosh, 
Sen & Bose, 1948) although necessitate the re-exami- 
nation of Sahni ’s views, yet it is a case in point to show 
the immense importance of microfossils in the measure- 
ment of geological time. 

Sahni (1947) further pointed out that very useful 
results may be obtained in microfossil investigation 
of Indian sedimentary deposits of unknown or disputed 
age, some of which are traversed by intrusive igneous 
rocks, such as the Cuddapah, Vindhyan and other for- 
mations in the Indian peninsula, various pre-Carboni- 
ferous sediment aries in the Himalayas whose age is 
open to doubt, strata in the Poonch State and adjoin- 
ing areas, Upper Condwanas of the Coromandel 
coast, certain beds in the Solan Simla area and in the 
Kosi area of the Eastern Nepal and the Cardita 
beaumonti beds bearing ori the age of the Deccan 
trap. Similar work is in progress in India and else- 
where with very promising results. 

(e) Microfossils in phylogenetic studies. — The scope 
of the present article does not include any consideration* 
of the bearing of microfossils on the evolution of the 
various plant groups from the Paleozoic to the recent. 
Lack of knowledge of our modern spore and pollens 
and difficulties in the specific identification of fossil 
ones offer little help to our ideas as to the evolutionary 
trends of the plant groups. But continued work has 
shown that the microfossils may be of real help in 
phylogenetic studies if considered along with the mega- 
fossils, and such possibilities are now being explored 
by workers in different parts of the world. 

(/) Other problems of correlation. — In recent years 
there is growing interest in correlating microfossil 
studies to various geological, geographical, ecological, 
archaeological and climatic problems. The possibilities 
of microfossils in all such correlations diminish rapidly 
with the increased age of the rocks and decreased know- 
ledge of plants. 

The results obtained by Raistrick from the 
British Paleozoic coal definitely show forest succes- 
sion. In India, Ghosh & Sen (1945) also explored 
such possibilities from their studies of Raniganj coal 
microfossils. These authors successfully correlated 
their observations with stratigraphical succession of 
the Glossopteris flora upto a limited vertical distance, 
and confirmed the already speculated climatic condition 
during the formation of the Raniganj sediments of 
Lower Gondwana age. Similarly Shani’s (1945) idea 
as to the range of the Glossopteris has been partly 
confirmed by the discovery of Pityosporities a few feet 
above the Talchir Boulder bed. The other important 
attempts to correlate pollen flora to ecologic conditions 
in pre- Quarternary deposits have been made by Wode- 
house (1933) and Simpson (1936) working on Eocene 
oil shale and coal respectively of America. 

Work on correlations in similar line has been done 
with remarkable success in Europe on Quarternary 
deposits. The pollen grains have been used as guide 


fossils, their frequencies and occurrences, both verti- 
cally and horizontally, are computed into pollen spectra, 
or groups of such spectra, exhibited by the curves* in 
the pollen diagrams. 

von Post (1916-1930) is the pioneer master in this 
field of investigation. He established paleofloristic 
levels in several Swedish lake deposits *and proved 
that two isochronous beds usually contain same pollen 
deposits. 

The most fscinating and interesting results ob- 
tained by von Post led among others Lundqevist (1920) 
and Erdtman (1921) to this branch of floral correlations. 

Before getting into the specific aspects of corre- 
lative value of Quarternary pollen analysis it should be 
clearly understood that even a skeleton review of the 
voluminous recent literature on these problems is not 
possible here, and as such the readers are referred to 
the reviews by Cain (1931), Bears (1935-1942) and 
Wilson (1944) on American deposits, and those^of God- 
win (1934) and Erdtman (1943) on European "correla- 
tions, for detail informations. Since the publication of 
Cain’s review, Wilson (1944) summed up the work by 
investigators in North America as (i) extending the geo- 
graphic range of peat studies, (ii) investigating the inter- 
glacial peat deposits, (3) correlating the pollen spectra by 
stratigraphic methods, (4) tracing the post glacial migra- 
tion of forest elements, and (5) testing out theories of cli- 
matic sequence. In Europe, the work can be summed 
up under the following heads (?') Paleoclimatology : 
The classical work of Blytt (1876) and Sernander estab- 
lished, “at least so far as extra-mediterranean Europe 
is concerned, to adopt the division of the postglacial 
period into the climatic phases : Pre-Boreal, Boreal, 
Atlantic, Sub-Boreal, using them also to indicate the 
period of time.” These phases were later modified 
from time to time in different places, (ii) Geology 
db Archaeology : Interglacial epochs and stages of the 
postglacial period may be correlated with pollen spectra 
or diagrams, as the case may be. The pollen flora 
may also positively establish an exact geochronological 
time scale into vegetation history. This line of research 
has been laid down by Fromm (1938), de Geer (1940) 
& others. 

Possibilities of similar work in the Karcwa series, 
and in the sub-recent peat deposit of Kashmir, hold 
promise for a close dating of principal geological and 
climatic events in this area during the past few million 
years (Sahni, 1947). Erdtman (1943) further pointed out 
that correlation may be further established with eustatic 
changes of sea-level, as shown by intramarine deposits, 
submerged peats etc., with isostatic changes of level ; 
with situations arising out of eustatic-isostatic complex. 
Similarly from tabutated account of pollen spectra or 
phases of a pollen diagram of a peat deposit any 
archaeological object may be dated with remarkable 
accuracy. Such correlation sometimes have serious 
limitations whenever there will be a case of forced 
introduction of some object into any other foreign 
peat layer. The literature on regional pollen analy- 
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tical dating httvo been peviewed by Erdtman (H)43). 

, Similar ecological correlations by analysing 'pollens' in 
Varved sediments as indicated above may be laid oat 
without" difficulty. , ^ 

■ (g) Problems of classification of spores' and - pollen . 
Another important drawback of the pollen analysts 
in general, and those of old' workers in particular is 
that of a lack. of a natural system* of ‘classification, 
so far as the Quarternery pollens are concerned*; most 
of the species are referable to modern genera and as 
such there is rio diahce of confusion. But much diffi- 
culties kre encountered in classifying the Paleozoic 
forms and most of the Mesozoic onbs. The recent 
classifications of Paleozoic spores by Schopf et al ( 1944) 
and Naumova (1937) have put some provisional arra-ngc- 
meht, but still more yet left to be explored for maxi- 
mum utilization of such microfossils. In India Sahni 
accepted Naumova's classification for spores recovered 
from Indian Paleozoic sediments. (See Science <f? Cul- 
ture, May 1949, p. 463). 

Conclusion 

The article represents a first and necessarily, an 
inadequate attempt. to combine the very diverse methods 
of application of microfossils in one discipline viz., 
Applied Micropaleontulogy. Very little, .work lias , been 
done in India in this line and this apparent neglect 
is due to the fact, that the value of.microfosnls lias 
not yet been fully understood anrl that it lacks support 
by the appropriate authorities. .. . Greatest... hurdle 
that lias to be crossed to remove this, neglect is to 
train suitable personnel by including, nuc^opaleontolugy 
and micropaleobotany in our. curricula, of ^studies in 
Anthropology, Archaeology, Botany* Geology, Geography 
and Zoology in the post-graduate classes and . to 
provide research facilities... in .our. Universities. 
A begiiming in this direction, has already been made at 
Banaras, Dlianbad, Calcutta and Bucknow.and a . vast 
field is open for our young men and .women .with. ,a 
scientific background- ...Workers in India also. strongly 
feel that a start. is made lyjfch, a.separate/section on riugrp- 
fossil (floral aiid faunal)researches . at .the. newly .estab- 
lished Institute of Paleobotany at Lucknow and. in, the 
Geological Survey of India and the Bureau of Mines. 
The existing personnel of one paleontologist and one 
paleobotanist in the Geological Survey of India is too 
inadequate consistent, with the recent advances in 
these subjects and their increasing importance in the 
exploration of such economic minerals e:p.y coal, petro- 
leum etc. v and in the problems of Stratigraphieal 
Geology. (See Science and Culture II, 830, 1946.) 
It. is further desirable that a Paieontogical * Society 
be sponsored like the already ' existing Paleobotanical 
.Society. This will help to co-ordmatethe activities 
of. various paleontologists in Indian . 

‘ *0ur thanks are due to Sri A. K. Ghosh, Registrar, Bose 
•Research Institute, Calcutta for going' throiigh th e' m anus - 
> oript and for his bonstructive suggestion*. ’ / * ' 1 *' ' ' 
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INSTITUTE OF RADIO PHYSICS AND ELECTRONICS 


'T'HE foundation stone of the Institute of Radio Phy- 

sics and Electronics of the University of Calcutta 
was laid on April 21 last by the Hon’ble Dr B. C. Roy, 
Premier, Government of West Bengal, at the Univer- 
sity College of Science and Technology, Calcutta. Prof. 
P. N. Banerjcc, Vice-Chancellor, presided. 

The Institute which will be an independent two-, 
storied building by the side of the Institute of Nuclear 
Physics, tho foundation stone of which was laid just 
a year ago on April 21, 1948 (see Science and 
Culture, 13, 491, 1948) will be the first of its kind 
attached to a University in India to foster the study 
and research on the rapidly growing science of Radio- 
electronics. 

Laying the foundation stone, the Premier recoun- 
ted the growth of the science of radio-electronics and 
said that its first stage was the development and per- 
fection of wireless telegraphy. Many attempts had 
then been mado at this stage at transmitting spoken 
word across space by wireless telephony. But all 
were unsuccessful. Success was attained only with 
the invention of the triode valve during World War 
I and this marked the advent of the second stage of 
development, the age of radio-electronics, leading to the 
phenomenal development of broadcasting and the elec- 
trical communication system— long-distance trunk tele- 
phony. Enormous expansion of the radio industry 
followed. 

But communication and broadcasting were only 
two of the many applications of radio-electronics. 
Radio-electronic devices are now widelyapplied for in- 
dutrial purposes, such as regulation andcontrol of power 
supply, temperature, humidity and, in fact, of any 
physical agency involved in manufacturing processes. 
Continuing Dr Roy said, “The use of radio-clectronies 
for therapeutic purposes was well known. High fre- 
quency current concentrated at a point provided the 
surgeon with the electric knife for bloodless surgery. 
It was, perhaps, not generally known that the demand 
for electrical power for high-frequency heating far ex- 
ceeded that for broadcasting and communication. But 
of the jnany radio-electronic devices produced so far, 
none had evoked so much interest as television. The 
present age of Radio Physics development may be said 
to be the age of microwave. Microwave technique deve- 


loped during World War II were associated with those 
of Radar which provided invaluable aids in every 
operation on land, on sea and in air. Curiously, micro- 
waves of wave-lengths in the centimetric range are 
just those waves with which Sir Jagadish in tliis coun- 
try carried out his experiments on the optical proper- 
ties of electro-magnetic radiation. Waves of such 
short length had, however, found no practical use at 
that time and were considered to be more or less of 
academic interest only. But, after half a century, 
they have found intensive applications both in peace 
and in war. I am glad to know that special emphasis 
will be laid on the research and study of these waves. 
In doing so the Institute will be carrying on the study 
of a subject, the tradition of which had been created 
in this country more than half a century ago.” 

The expansion of air services had entirely been 
duo to safety aids provided by radio-elootronic devices. 
Air liners in Western countries now moved along high- 
ways in the upper air made of radio beams. A pilot 
coulcl land his plane safely even when the runway was 
hidden by fog. A modem mechanized army or an air 
force was helpless without radio-electronic equipment. 

The Premier, sounded a warning against the misap- 
plication of science in modem life and said that, if 
science was made a handmaid of political warfare, tho 
result would be disaster. The only object of a research 
scholar and professor was pursuit of truth. 

Requesting Dr Roy to lay the foundation stone, 
Prof. P. N. Banerjeo, the Vice-Chancellor said : 

“You have been closely associated with the Uni- 
versity of Calcutta in various capacities. You have 
been one of our Vice-Chancellors and Presidents of the 
Council of Post-Graduate Study and Research. You, 
like us, have seen dreams. The foundation stone of 
tho Institute of Radio Physics and Electronics, which 
I call upon you to lay today, will partly fulfil your 
dream. Tho laboratory which will raise its head on» 
the foundation stone, which you lay on this sacred spot, 
will be a symbol of the sacrifices which you and your 
co-workers have rendered to the University of Calcutta 
and specially the University College of Science ever 
since its foundation in 1914.” Continuing ht. said 
that radio as a course of study in post-graduate phy- 
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sics had been introduced by Calcutta University more 
than 25 years ago. But in view of the enormous deve- 
lopment of the subject, it had been felt necessary to 
introduce it as an independent subject of study for 
M.Sc. degree. This had now been made possible through 
the financial aids received from the Central Govern- 
ment. Due to the generosity of the Govern- 
ment of India, the University of Calcutta received a 
grant for this new Department of Radio Physics and 
Electronics — a capital grant of Rs. 3,40,000 for buil- 
ding, and Rs, 2,10,000 for equipment. It lias also 
been promised an annual recurring grant of Rs. 49,000. 
The University would have, however, to supplement 
staff and equipment from its own funds. 

In regard to research work of the University, Prof. 
Bancrjee said that in recognition of their work on the 
ionosphere, — the conducting upper atmosphere region 
which guides radio waves, — the Council for Scienti- 
fic and Industrial Research of the Commonwealth of 
Australia had recently; offered on permanent loan a 
complete ionospheric equipment to the University. 
The University had also received certain equipment 
free of cost from England. It is proposed to build a 
field station for this apparatus in the agricultural farm 
land measuring about 450 bighas received recently 
by the University from West Bengal Government at 
Haringhata. Special emphasis, ho said, would be laid 
in the Institute on researches on micro- waves and 
television. 

Proposing a vote of thanks in honour of the Pre- 
mier Dr B. 0. Roy, Dr S. K. Mitra, Ghosh Professor 
of Physics, Calcutta University, said: 

“It is not just an accident that the Institute of 
Radio Physics and Electronics and the Institute of 
Nuclear Physics have been founded close upon each 


other within the brief space of one year and will be 
built side by side. Those two branches of Physics have 
been responsible for the development of the two epoch- • 
making weapons of World War II — the radar and the 
atomic bomb. One is now helping the other in deve- 
loping new experimental techniques and in finding 
new peace time applications. In the Cyclotron room 
in the adjoining Nuclear Physics Block, high speed 
charged particles are being generated for smashing 
atoms by essentially radio-electronic devioe. The 
wonderful Electron-Microscope set up in another room 
is also a purely radio-electronic apparatus. And, in 
our laboratory, we have been devising radio- electronic 
equipment for studying some fine properties of the 
atomic nucleus — the magnetic moment and the elec- 
tric quadrupole moment — the determinations of which 
are of utmost importance to the nuclear physicist. 
The two Institutes will always bo working in close co- 
operation helping in each other’s growth.” 

“As has been pointed out, the Institute will be the 
first institute of its kind in India to be associated with 
a University. But to guard against any complacency, 
T must add that in the western countries the University 
is not the only place wjaere radio-electronic research 
is carried out. The subject is so vast and is of such 
vital importance to national security that the Govern- 
ment of every country maintains, in addition, its own 
research establishments for special studies, under its 
various departments — Commerce, Communi cation or 
Defence. The industries also spend enormous sums 
of money on research. In our country, the only spe- 
cial establishment for radio- electronic research under 
the Government is the Electronics Division of the Na- 
tional Physical Laboratory. 1 am glad to say that 
the Division is in charge of an old student of ours Dr 
H. Rakshit” 
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Notes ai\d Neujs 


OBITUARIES 

Hans Wollenweber 

• Dr H. Wpllenwober, the noted German Plant Patholo- 
gist, died at the age of 69 on February 3, 1949, in Wash- 
ington, D.O., IJ.S.A. Dr Wollenweber at ono time of 
his career served for several years in the U.S. Depart- 
ment of Agriculture ; he left Germany and went, back 
to the U.S.A. in the fall of 1948 to seek American citiz( n- 
ship and settle in peace there. Dr Wollenweber was 
widely known for his book “Die Fusarien” on the 
classification and identification of the species of Fvm- 
rium. 


Joseph A Cushman 

Dr J. A. Cushman, a leading authority on fossil 
and living Foraminifera , who was the first to establish 
the value of foraminiferal studies in the field of econo- 
mic geology, died on April 16, 1949. He was the founder- 
director of the Cushman Laboratory of Foraminiferal 
Research, Sharon, Mass;— -the only one of its kind in 
the world. According to the present plan, his entire 
collection will be placed in the United States National 
Museum at Washington. 


PROTON AND ELECTRON RESEARCH 

Experimental work at tho National Bureau of 
Standards has culminated in the determination of two 
properties of the proton and electron : (1) the absolute 
value of the magnetic moment of the proton with un- 
precedented accuracy and (2) the value of the basic 
constant e/m — electric charge to mass ratio of the 
electron — with evengroater and unprecedented accuracy. 

The results are of utmost significance in nuclear 
and atomic research because important properties of 
the proton and the electron are known with greater 
precision and a convenient standard for measuring 
magnetic fields with far greater precision than ever 
before is available. It is now possible to redetermine 
all other physical constants whose values depend on 
the measurement of magnetic fields. A method is now 
at hand for stabilizing magnetic fields at an accurately 
known value. 

This basic and far reaching work has been done 
by H. A. Thomas, R. L. Driscoll, and J. A. Hippie. 

Using tap water as a proton source the accuracy of 
the value for the proton gyromagnetie ratio (magnetic 
moment divided by spin) has been pushed up to better 
than 1 part in 13,000 or 70 times .better than the best 
previous absolute measurement. The value for the 
magnetic moment of the proton in absolute units 


1410.0 x 10 _2<J gauss cubic centimeters — is accurate to 1 
part in 6,000. The new value for tho proton moment is 
the first precise measurement of this quantity in abso- 
lute units. All previous measurements of the magnetic 
moment to any significant accuracy have been made in 
terms of the relative values of other physical constants. 
For this reason, the new precise knowledge of the abso- 
lute value of the proton moment helps to define more 
clearly the fundamental properties of nuclear particles. 

Taking the new value of tho proton’s gyromagnetie 
ratio as a reference standard, it is then possible to cali- 
brate magnetic fields very precisely in terms of the 
radio frequency required to produce resonance in a 
proton sample. This is an extremely practical pro- 
cedure since radio frequencies can easily be measured to 
a lew parts per million with ordinary laboratory 
apparatus. 

In the past, laboratory measurements involving 
both magnetic and electric fields were limited by the 
low r accuracy of magnetic measurements. Now the situ- 
ation is reversed and magnetic fields can be measured 
more accurately than electric fields. The nuclear 
resonance techniques developed in the course of this 
work can be applied to good advantage wherever tho 
strength of a magnetic field must be closely regulated. 

The problem of magnetic field measurement and 
regulation arises widely in the use of scientific apparatus 
— cyclotrons, mass spectrographs and beta-ray spectro- 
meters — and in industrial equipment — serve mecha- 
nisms and electromagnets. With the aid of this new 
method for controlling magnetic field strengths more 
exact work in many scientific and technical fields can 
now be undertaken. 

Of particular scientific interest is the opportunity 
furnished by this work to examine the accuracy of 
physical constants, such as the charge-to-mass ratio 
o/m of the electron, whose values depend on magnetic 
field measurements. The measurement of "e-over-m” 
itself has a history of over 50 years in which a great 
deal of scientific talent has been devoted to measure- 
ments of this fundamental constant. Quite recently 
Taub and Kusch of Columbia University have used a 
molecular beam to determine an exact value of the 
“nuclear g-faetor” for protons. By combining this value 
with the new value of the proton gyromagnetie ratio, a 
new absolute value of e/m for the electron (1 .7588 X 10 7 
emu/gm.) has been calcutated to an accuracy of 1 part 
in 11,000. The value of e/m enters directly into the 
design of such important electronic devices as cathode- 
ray tubes, betatrons, and electron microscopes, and 
the whole field of electronics depends on the behaviour, 
of electrons in electric and magnetic fields. (Chemical 
and Engineering News, April 4, 1949). 
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URANIUM IN SOUTH AUSTRALIA 

The exploration of Mount Painter deposits of ura- 
nium, 300 miles north of Adelaide and 60 miles east of 
Copley on the railway to Alice Springs, is one of the 
major projects of the Department of Mines, South 
Australia. About 160 square miles of rugged country 
is being 'examined by prospectors and geologists. 
Sites are tested by diamond drilling and underground 
development. 

Uranium deposits near Mount Painter, first dis- 
covered in 1910, worked intermittently for radium 
until 1934. The mineral contained 2 to 5 per cent 
U 8 0 8 and reserves in 1914 were estimated at 300 tons 
of 0.5 per cent tJ a 0 8 with 700 tons of 0.74 per cent 
material lying at the surface. 

Prior to the 1939-45 war, total production of ura- 
nium ore was estimated at 136 tons valued at £ 10,000. 
In 1944, the Mount Painter deposits were intensively 
'explored by modem methods, at the request of the 
British Government, with the object of producing 100 , 
tons of uranium trioxide over a period of five years. 
It was estimated at that time that the quantity of readily 
available ore did not exceed 0.33 U0 3 . The cost of this 
investigation was about £ 65,000. 

The present exploratory work has been started 
in June 1946 by moans of shaft sinking tunnelling, 
diamond drilling, prospecting, and geological and geo- 
physical surveys. Non-fluoreseent metatorbenite (hy- 
drated phosphate of copper and uranium) and some 
autunite (hydrated phosphate of calcium and uranium) 
occur in the oxidised zone, mainly in crushed granitic 
and pegmatitic rocks. Many of the deposits are capped 
by haematite and limonite, with which the metator- 
benite is closely associated. 

Samples of all types of material thought likely 
to contain uranium, either from the systematic sampl- 
ing of underground workings, from bore-holes, from 
geologists, or from prospectors, are first tested by 
Geiger-Muller counters, which measure the radioactivity 
of any fissionable material nearby. Portable counters 
are carried in the field, while laboratory types are used 
at the station to obtain some idea of the uranium con- 
tent of drill cores and of material being mined in under- 
ground working. Uranium content of mine samples 
and drill cores is determined by chemical analysis at 
the South Australia School of Mines. Investigations 
into methods of extracting the uranium from various 
types of ore are being carried out by the Council for 
Scientific and Industrial Research and the Department 
of Mines. ( The Chemical Age , March 12, 1949). 

HEAT UTILIZATION IN NUCLEAR FISSION 

An experimental atomic power plant is now under 
construction near West Milton, New York. It will 
use liquid metal to transfer heat created by atomic 
.fission to the heat-exchanger, where steam will be pro- 
duced to drive steam turbine generators. It has also 
been announced by Dr Robeit F. Bacher of the Atomic 


Energy Commission that the reactor in the new plant 
will differ from most previous reactors in the higher, 
energy of the operative neutrons which are produced 
in it by chain reaction in uranium. 

The energy set free by a chain reaction is liberated 
very close to the place where each nuclear fission 
occurs and appears as an intense local heating. In 
the reactors built during the War, this heat energy 
was removed by circulating air or water and the heat 
thereby was wasted. The main purpose eff these war 
time reactors was to produce a new element — pluto- 
nium — by the action of the reactor neutrons on the 
main part of the natural uranium (238). 

Dr Bacher referred to the machine now being 
designed and planned for construction by the Knolls 
Atomic Power Laboratory as an intermediate reactor 
— one which operated with neutrons of intermediate 
energy. So far, no reactor has been built to operate 
in this intermediate energy region. The heat energy 
in this process will be removed by circulating a liquid 
metal and it is planned to utilize the heat to generate 
electrical energy. (The Chemical Age , April 2, 1949). 

RADIO-ISOTOPES AVAILABLE FREE 

The U.S. Atomic Energy Commission has recently 
announced that radioisotopes of cobalt, gold, and carbon, 
— enlisted among the 50-odd elements heretofore sold, — 
will now be made available without charge to approved 
cancer roascarch workers. Up to this timo only iodine, 
phosphorus, and sodium havo been provided free. 
The only cost to qualified applicants will be $ 10 per 
shipment — which will cover packaging, monitoring, 
and book-keeping — plus the cost of transportation. 

Allocation of the free isotopes will be made for 
srudies involving animal subjects, research on basic 
cellular metabolism of cancerous cells, and experimental 
programmes designed to evaluate the therapeutic use of 
radioactive materials. Since the radiations they emit 
may be used to destroy living cells, scientists hope to 
develop means for concentrating them in cancerous 
tissue and thus selectively destroying it. Distribution 
is administered by the Isotopes Division, Oak Ridge, 
Tennessee and the Commission hopes that the research 
on effective radiotherapy for cancer will be stimulated 
by the froc distribution of radio isotopes. 

THICKNESS MEASUREMENT BY BETA EMISSION 

The continuous measurement of the thickness of 
sheet materials by a new instrument called the Meta- 
Ray thickness gauge has been demonstrated recently 
by the U.S. General Electric Company. By measu- 
ring absorption, the device is st&tedto indic&tethe mass 
per unit area of the material under test. The new 
gauge is expected to find application in keeping check 
of the thickness of metal foils, such as aluminium, 
copper, tin, brass and steel, being rolled at high speeds. 
It can also be used with plastics, textiles, rubber, and 
other sheet materials. 
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In operation, the Meta-Ray thickness gauge mea- 
sures the deviation from a chosen setting by registering 
the amount of /?-ra ys which the material under test 
absorbs. The source of /?-rays in the gauge is 2.5 mil- 
licuries of strontium 90. Those rays, unabsorbed by 
the material passing through the gauging head, are 
gathered in an ionisation chamber. An attenuated 
90-cycle signal is added in phaso opposition to cancel 
the signal from the ionisation chamber. The atten- 
uator voljago is, therefore, a measure of the ionisation 
chamber voltage, and of the amount of material in the 
/8-ray beam. 

Operating on a power supply of 100- 125 volts, 60- 
cyclcs ±0.3 cycles, the power consumption ofthe gauge 
is about 150 watts. The accuracy is said to be ±2 per 
cent, while drift is not more than 1 per cent per hour 
after a 30 minute warming-up period. Under normal 
conditions, calibration need not be made more often 
than once every four hours, (The Chemical Age , April 
16, 1949). 

CHEMICAL CONSTITUENT IN GENES IDENTIFIED 

Identification of a chemical constituent of genes 
was announced recently by A. 15. Mirsky of the Rocke- 
feller Institute for Medical Research at a meeting of 
the New York Section, ACS. Proof that genes consist 
in part of a substance called desoxyribonucleic acid 
was offered, though it has been held that genes are 
nueleoproteins. The chemistry of genes and the che- 
mieal mechanism of their action within body cells has 
been virtually unexplored territory heretofore. 

Dr Mirsky found that the quantity of desoxyri- 
bonucleic acid is identical for each cell in a given ani- 
mal species, although it may vary from one species to 
another. The only other constant factor in the gross 
composition of cells in any animal is the number of 
chromosomes. 

The discovery that purified chromosomes of sperm 
cells contain only half as much desoxyribonucleic acid 
as other cells of the same animal proves that this che- 
mical is a constituent of the genes, thougli probably 
it is not the only material in genes. 

DifFffcrent types of cells, since they vary in weight, 
contain different proportions of desoxyribonucleic acid, 
although the absolute amount is fixed for any species 
of animal. The compound constitutes 25 per cent 
of liver, kidney, and pancreas chromosomes; 38 per cent 
of thymus chromosomes; and 40 or 41 per cent of the 
chromosomes in the red blood cells of fish. The liver, 
kidney, pancreas, and thymus gland chromosomes 
were taken from tissues of mammals. 

To obtain pure chromosomes Dr Mirsky first ground 
cells in a waring Blendor and then in a colloid mill, 
breaking down cell walls and connective tissue. The 
resulting sludge was strained through cloth in order 
to remove all particles larger than chromosomes, and 
the liquid whioh passed through the cloth was whirled 
a centrifuge at low speed, 


The chromosomes, being the heaviest remaining 
particles, were concentrated by their inertia at the tip 
of the centrifuge tube, and final purification was achie- 
ved by lowering the salt concentration and reducing 
the acidity. 

Chemical investigations have shown also that a 
fibrous protein is the basic threadlike component of 
the chromosome, and that this substance is likewise 
concerned with the over-all activity of the cell. (Che- 
mical and Engineering News , March 21, 1949). 

AGRICULTURAL UTILIZATION OF ULTRASONICS 

Exploratory studies have been going on for some 
time past at the Agricultural Research Centre of the 
United States Department of Agriculture at Beltsville, 
Marry land on the possible utilization, for agricultural 
purposes, of ultrasonics — electrically produced high- 
frequency sound waves. Results so far obtained in- 
dicate that with ultrasonics a mosquito larva may be 
killed within 5 seconds and that of a coddling moth in 60 
seconds. Exposure to ultrasonic vibrations helped 
DDT particles to break into smaller size than any 
hitherto obtained. 

Investigations are in progress to find the possi- 
bilities of the application of ultrasonics to the control 
of insect pests and fungal and bacterial diseases of crop 
plants, for pasteurization, emulsification, homogeni- 
zation of milk and milk products, and for producing 
mutations in grains, bulbs, and other plant parts. 

AUREOMYCIN, A NEW ANTIBIOTIC 

A new antibiotic principle active against certain 
viruses and reekottsia and against both Gram-positive 
and Gram-negative micro-organisms has been isolated 
from the substrate of Streplcmiyce a aareofaceens by R. 
W. Brosehard, A. 0. Dornbush, 8. Gordon, B. L. Hut- 
chings, A. R. Kohler, G. Krupka, 8. Kushner, 1). V. 
Lefemine and C. Pidacks of Lederle Laboratories Divi- 
sion, American Cyanamid Company, Pearl River, New 
York'. ( Science , p. 199, February 25, 1949). 

The work was initiated by the late Dr Y. Subba 
Row arid Dr J. II. Williams. 

The antibiotic has been named aureomycin from 
the yellow colour of the parent actinomycete and the 
golden colour of the crystalline antibiotic. It is a weak- 
ly basic compound, which contains both nitrogen and 
nonionic chlorine. 

DRAMAMINE, A NEW DRUG 

The Army Medical Department (U.8.A.) announ- 
ces the development of a new drug, “ Dramamine ” that 
acts as both a cure and preventive of seasickness or 
motion sickness. The original research was done by 
L. N. Gav of the Protein Clinic of Johns Hopkins Uni- 
versity Hospital, Baltimore and Paul Barliner, also of 
Johns Hopkins. Recent experiments showed almost 
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total cure or prevention of seasickness among more 
tlian 400 passengers aboard on Army transport in heavy 
sous. 

USE OF ISOTOPES IN MEDICINE 

Paul 0. Aebersold, Ph.D., furnishes specific data 
on distribution of isotopes for medical and biologic 
purposes during the past two years. Isotopes were 
distributed from Oak Ridge, Tenn. From August 
J94f> through May of 1948, 21,103 shipments of isotopes 
for study in animal and human physiology and medical 
therapy were made. Forty-three institutions arc now 
using phosphorus of P-32 for medical therapy; 38 insti- 
tutions are using iodine in medical therapy; 1 19 insti- 
tutions are using several of the isotopes in all fields 
of study including investigative and therapeutic appli- 
cation. 

Over 70 percent of all shipments have been for 
investigation in therapy and human physiology; the 
remaining fields of study have been in chemistry, phy- 
sics, industrial research and metallurgy. Of those 
used more in medical therapy, 1-131 and P-32 account 
for the greatest part inasmuch as the half-life of these 
1-131 (eight days) and P-32 (14 days) permit a much 
greater rapidity of decay and therefore shipments are 
required more frequently. Isotopes are being shipped 
to 30 States in the United States, the largest amount 
is at present going to Massachusetts. Illustrations of 
uses of 0-14 in metabolic studies include (1) Protein 
metabolism with labeled amino acids — leucine, gly- 
cine, lysine and amino adipic acid, alanine; (2) Carbo- 
hydrate metabolism with labeled intermediates such 
as lactic, pyruvic, oxalacetic and proprinonic acid and 
(3) Fate of labeled fats. 

Other illustrations of uses of P-32, S-35, 0a-4f> are 
also mentioned. The author mentions the fact that 
investigators in foreign countries can obtain isotopes 
by application through the Commission. Twenty-nine 
radioisotoper of 20 elements which are of particular 
value in biologic and medical studies are available. 
It is stated that although international distribution 
has been in effect only 10 months, shipments have al- 
ready been made to 14 countries. The author consi- 
ders that these studies are opening a new field for spe- 
cialization known as “isotopology.” Although the 
use of these substances can be fraught with hazard 
there has been collected a large amount of knowledge 
on how to control them and with this knowledge and 
a healthy respect for the materials to be handled, safe 
conditions of work can be easily established. (Journal 
of the, American Medical Association, 138 , 1222-1225, 
December, 1948). 

< 

HORMONAL TREATMENT OF CANCER 

It is generally known that the only hope for cancer 
depends or the complete destruction or removal of 
the tumor cell, but cure is difficult, if not impossible, 
when metastases occurs. Therefore, chemotherapy 
has been resorted to, experimentally, in an effort to 


find a cure that can be adapted to such a task. Mc- 
Cullagh, in a recent paper, states that sex hormones 
have shown more promise than any other form of che- 
motherapy. Ho warns that hormonal treatment of 
cancer is not without dangers, however, if it is used in 
improperly selected cases, and that the treatment is 
palliative, not curative. 

In properly selected cases, the treatment is stated 
to relieve pain, improve health and prolong life. Ac- 
cording to Groer profound changes in the breffist are fre- 
quently in association with certain ovarian or testi- 
cular tumors, in some tumors of the pituitary and ad- 
renal cortex, as well as breast hypertrophy in cirrhosis 
of the liver, malnutrition, in some instances, and during 
stilibestrol therapy for prostatic cancer. Under some 
circumstances mammary enlargement occurs in asso- 
ciation w r ith testicular failure as well as in eunuchoid 
men treated with testosterone. 

There are a few reports of the development of 
human breast cancer following prolonged administra- 
tion of estrogen, but it is stated that with the wide- 
spread use of estrogens more) reports of breast cancer 
would be expected, if they were important as a cause. 
The patients who improve by the castration effects 
of the x-ray are almost entirely in the premenopausal 
group and unfortunately, beneficial response is consi- 
dered transient. When it was discovered that certain 
carcinogenic hydrocarbons influenced the growth of 
experimental malignant lesions, some of these subs- 
tances w ere tried in cases of human breast cancer. Al- 
though it would appear unlikely that excessive rate of 
growth of malignant breast tissue should be decel- 
erated by substances which at one time accelerated 
the development of the same tissues, but such is the 
case. 

Although favorable reports have been published 
on cases treated with triphenyl clorethylcnc, triphe- 
nylmethylene, hexcstrol and diencstrol, stilbestrol is 
still the most widely used estrogen. Undesirable side 
effects of estrogen therapy may include loss of appe- 
tite, nausea, vomiting, diarrhea, and sometimes edema, 
w T hich may be important when the myocardium is im- 
paired. When high dosage is long continued, menor- 
rhagia is likely to supervene. Good results include 
regression of the primary tumor, of soft tissue recur- 
rences, and of lymph gland and pulmonary metasta- 
ses. Pain from skeletal metastases may be relieved, but 
favorable response in them, otherwise, is doubtful. 
There is great individual variation in response, but in 
all instances improvement is transient. 

The chief danger of estrogen therapy is that grow- 
th of an existing cancer may be accelerated in younger 
women. In general, androgens have been found most 
useful in younger patients and in those who have ske- 
letal metastases. Among the most impressive ehangos 
following testosterone therapy is a change in the roent- 
genologic appearance of skeletal metastases. In some 
patients areas of demineralization become denser, 
suggesting deposition of new bone. The untoward 
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effects of stilbestrol therapy in men may include nau- 
sea, vomiting, the nipples and areolae become dark, 
and a striking degree of gynecomastia appears. Cas- 
tration and estrogen treatment for prostatic cancer 
should not replace surgery where surgery holds any 
promise of cure. Impotence is also the rule when stil- 
bestrol therapy is used in men. In general the result 
of treatment with stilbestrol, though slower, are con- 
sidered otherwise equal or superior to those following 
castration (Cleveland Clinic Quarterly , 16, No. 1, 
p. '21. January, 1949). 

NEW FELLOWS OF THE ROYAL SOCIETY 

At the meeting of the Royal Society on March 
17 last, the following were elected to fellowship : 

Prof. J. F. Allen, professor of natural philosophy, 
University of St. Andrews, distinguished for his work 
in low-temperature physics, especially for his discovery 
of new phenomena shown by liquid helium. 

Dr R. W. Bailey, head of the Mechanical and 
Metallurgical Research Department at Motropolitan- 
Viekers, Manchester, distinguish ed for contributions 
on the behaviour of metals at high temperatures and 
for advances in design of turbines. 

Dr F. C. Bawdcn, head of the Plant Pathology 
Department at Rothamsted Experimental Station, 
Iiarpcnden, distinguished for his work on plant viruses 
and virus diseases, and for important contributions to 
the study of virus serology. 

Prof. F. W. Rogers Brambell, Lloyd Roberts 
professor of zoology, University College of North 
Wales, Bangor, distinguished for his experimental 
studies of processes of reproduction in mammals and 
of the factors concerned in antenatal mortality. 

Prof. K. E. Billion, professor of applied mathe- 
matics in the University of Sydney, distinguished for 
work in geophysics, particularly in relation to earth- 
quakes and the distribution of density within the earth. 

Dr E. B. Chain, university demonstrator in chemical 
pathology, University of Oxford, distinguished for his 
work on enzymes of snakevenom and bacteria, and 
especially for his researches on penicillin and other 
antibiotics. 

Dr U. R. Evans, reader in metallic corrosion, 
University of Cambridge, distinguished for his researches 
on metallic corrosion. 

Prof. E. D. Hughes, professor of chemistry, Uni- 
versity College, London, distinguished for his researches 
in the mechanism of the reactions of carbon compounds. 

Prof. W. Q. Kennedy, professor of geology, Univer- 
sity of Leeds, distinguished for his contributions to 
tectonic geology and petrogenesis. 

Prof. W. B. R. King, Woodwardian professor of 
geology, University of Cambridge, distinguished for 
his researches on the Lower Palaeozoic rocks and on 
Pleistocene deposits. 


Sir Ben Lockspeiser, chief scientist, Ministry of 
Supply, distinguished for his contributions to the deve- 
lopment of modern aircraft. 

Dr J. M. McNeill, naval architect, John Brown 
and Co. Ltd., Clydebank, distinguished for his contri- 
butions to naval architecture. 

• 

Dr H. R. Marston, chief of the Division of Bioche- 
mistry and General Nutrition, Commonwealth Council 
for Scientific and Industrial Research ( University 
of Adelaide, South Australia), distinguished for his 
researches on nutrition and woolgrowth in merino 
sheep and on trace element-deficiency diseases in rumi- 
nants. 

Prof. K. Mather, professor of genetics, University 
of Birmingham, distinguished for his contributions 
to genetics and particularly for his studies of polygenic 
inheritance. 

Prof. P. B. Medawar, Mason professor of zoology 
distinguished for his studies of growth process and the 
phenomena associated with tissue transplantation. 

Dr W. T. J. Morgan, research worker, Lister Insti- 
tute of Preventive Medicine and reader in biochemistry 
in the University of London, distinguish! d for his 
contributions to the chemistry of immunology and 
blood groups. 

N. W. Piric, head of the Biochemical Department, 
Rothamsted Experimental Station, llarpenden, dis- 
tinguished for his researches on the chemical and phy- 
sical properties of plant viruses. 

Prof. 0. F. Powell, Melville Wills professor of physics, 
University of Bristol, distinguished for his contributions 
to experimental physics, especially for his work on the 
properties of mesons. 

Dr D. A. Scott, rcaseareh member, Connaught 
Laboratories, University of Toronto, distinguished 
for his contributions to the chemistry of insulin, heparin 
and carbonic anhydraso. 

Prof. Wilson Smith, professor of bacteriology, 
University College Hospital Medical School, London, 
distinguished for his researches on the virus of inlluenza, 
and on the pathology of staphylococcal infections. 

Dr G. B. B. M. Sutherland, reader in spectroscopy, 
Department of Colloid Science, University of Cambridge, 
distinguished for his experimental researches on infra- 
red and Raman spectroscopy, especially of hydrocar- 
bons. 

Prof. 0. G. Sutton, professor of mathematics and 
physics, Military College of Science, Shrivenham, 
distinguished for his researches in atmospheric tur- 
bulence and evaporation. 

Prof. Meirion Thomas, professor of botany at King’s 
College, Newcastle-upon-Tyne, distinguished for his* 
researches in plant physiology, and particularly for 
his work on the breakdown of sugar in the plant* 
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Prof. J. M. Whittaker, professor of mathematics, 
University of Liverpool, distinguished for his researches 
in the theory of integral functions. 

Prof. F. G. Young, Professor of biochemistry, 
University College, London, distinguished for his 
studies of the role of the hormones of the anterior lobe 
of the pituitary gland in carbohydrate metabolism. 

(Nature, March 26, 1949). 

TELEVISION SERVES SCIENCE 

For the first time in Europe an audience of 200 
medical practitioners and students has been able to 
follow an operation by television. ThiB was on the 
occasion of the anniversary of Holland’s oldest uni- 
versity at Leiden. Whilst an operation was being 
performed in the operating theatre of the hospital at 
Leiden, this was televised and projected, via cables, 
on two screens of 1.30 «x 1 m set up in the lecture hall 
in another wing of the hospital. 

Philips Eindhoven, who undertook the technical 
arrangement of this unique experiment in television 
after the most painstaking preparations, produced 
for the benefit of the astonished audience a wonderful 
picture which demonstrated beyond all doubt the enor- 
mous possibilities of television as an aid to medical 
training. 

The Dutch newspapers, represented by their me- 
dical correspondents, expressed great satisfaction with 
this achievement of Dutch industry, whilst in some 
speeches given at the close of the demonstration repre- 
sentatives of the Leiden university spoke in terms of 
admiration about this further proof that also in the 
technical field Holland is recovering from the blows 
it suffered during the war. 

JOURNAL OF ZOOLOGICAL SOCIETY OF INDIA 

The publication of a Proceedings by the Zoological 
Society of Bengal (see Science and Codtube, 
13, 496, 1948) is followed in quick succession by this 
Journal of the Zoological Society of India . This is a 
healthy sign, as it obviously points out to the increase 
in the volume of research work and increase in the num- 
ber of research workers in biological sciences in India. 
The Zoological Society of India was founded in 1939 
and the Society has now brought out its publication 
in the form of a biannual journal. The first number 
(January 1949) of this journal contain 70 pages, with 
26 text figures and one plate. There are in all 11 re- 
search papers dealing with a wide variety of subjects. 
Three of these are a series of contributions on the Nema- 
todes of Ceylon by C. A. Loos, and the rest are on 
Zoogeography, Zoological standards and progress, 
Ichthyology, Embryology and Entomology, 

The editing is good, printing is fair but there is 
scope for improvement of the paper. The price for 
•this single issue fixed at Rs. 10/- (inland) and Rs. 11/- 
(foreign) is unfortunately not commensurate with 
the number of pages offered. 


The headquarters of the Society is in the office of 
the Zoological Survey of India, Indian Museum, Cal- 
cutta 13. The President for the current year is Dr 
S. L. Hora, Secretary , Major Dr M. L. Roonwal and 
Editor , Prof. K. N. Bahl. 

We wish the Society and its Journal a prosperous 
career. 

G. P. MAJUMDAR 

Professor Girija Prasanna Majumdar, who retired 
on February 17, 1949, from the Presidency College, 
Calcutta, and the Calcutta University after serving 
these institutions for 35 years, fostered with unusual 
interest the development of botanical studies in India 
and endeavoured to popularize science in the young 
minds by his writings in various scientific, literary 
and juvenile magazines. By his researches and a se- 
ries of publications, entitled, " Upavana Virwda ” an 
ancient text of Arborihorti culture, “Vanaspati” “Some 
Aspect of Indian Civilization in Plant Perspective 
‘ and “Prachin Bharate Udvid Vidhya” (in Bengali), 
he has shown to the world Ancient India's contribu- 
tions to Botany which has now added a new chapter 
in the History of Plant Sciences. For these investi- 
gations he received the Griffith Memorial Prize of the 
Calcutta University. At the request of the Editor 
of the Chronica Botanica, U.S.A., he is writing a volume 
on the “History of Botany in India.” Dr Majumdar 
has also specialized in the Developmental Anatomy 
of Plants and has contributed many valuable and cri- 
tical studies on the subject in British and Indian jour- 
nals. He presided over the Botany section of the 
Indian Science Congress in 1945, when he addressed 
on Plant Anatomy in modern research. Earlier, he 
was elected a Fellow of the National Institute of Scien- 
ces of India, in 1943. This year he has been elected 
President of the Indian Botanical Society and Chief 
Editor of its Journal . He is also actively associated 
with Botanical Society of Bengal since its foundation 
and of which he is a past-President. 

Speaking at a reception given in honour of Dr Ma- 
jumdar, at the Presidency College, Calcutta on May 3 
last Dr P. Parija, Pro Vice-Chancellor, Banaras Hindu 
University said that it was indeed a misfortune that 
we were going to lose the services of Dr Majumdar on 
the grounds of age only, when it is noted that men 
like His Excellency Sri C. Rajagopalachari and Hon’blo 
Sardar Patel are able to hold responsible positions of 
the State. India is suffering from a shortage of scien- 
tific manpower and there are not many specialists 
like Dr Majumdar. It would be a national gain if his 
services could yet be utilized for the help he can render 
in botanical research to our young men and women. 

It is indeed gratifying to note that since then 
India’s Prime Minister and Minister for Scientific Re- 
search Pandit Nehru stated in the Constituted Assem- 
bly of India on May 24 last that when absolutely first 
class persons were needed for certain important posts it 
would be a dangerous thing to fix an age limit, Eins- 
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tein was certainly very much over 60 but he remained 
the greatest scientist of the age. 

India was short enough in first class scientists and 
it would be a calamity for her not to utilize their ser- 
vices because of some rule fixed for some administra- 
tive services which had nothing to do with high class 
inventive brain-work. Pandit Nehru added that the 
question of fixing an age limit for Ministership is 
worthy of consideration by the Assembly. 

ANNOUNCEMENTS 

Dr H. L. Chakravarty, Lecturer in Botany, Presi- 
dency College, has succeeded Dr G. P. Majumdar as 
Professor in that College. Dr Chakravarty recently 
returned from U. K., where he worked on the 
“Systematica of Indian Cucurbitacese” and on “The 
floral morphology of the Cueurbitaceae”. 

Dr B. B. Mundkur, Deputy Director, Directo- 
rate of Plant Protection, Government of India and 
Dr D. Chatterjee, until recently botanist for India 
at Kew have been elected members of a Special* 
Committee of the International Botanical Congress to 
be held at Stockholm in 1950, to consider proposals 
to modify the existing International rules of botanical 
nomenclature. 

I)r Dudley Stamp, Professor of Geography, Lon- 
don School of Economics has been, awarded the 
Founders Medal of the Royal Geographical Society 
for the year 1949, for his work in organizing and directing 
Land Utilization Survey of Great Britain and his appli- 
cation of geography to national planning. 

The following Research Fellowships have been 
awarded by the National Institute of Sciences of India 
for the year 1949-50 : 

National Institute of Sciences Senior Research 
Fellowship 


Dr K. V. Srinath, Ph.D. (Lond.), to work on “Cytology” at 
the Central College, Bangalore, 


National Institute of Sciences Junior Research 
Fellowship 

Miss Ira Bose, M.Sc. (Cal.), to work on “Effect of Ionizing 
Radiations on Grasshopper chromosomes” at the University 
of Calcutta. • 

Mr 8. Datta Majumdar, M.Sc. (Cal.), to work on “Relativity 
and Quantum Mechanics” at the University of Calcutta* 

Dr S. G. Joshi, Ph.D. (Bom.), to work on “Mineral Nutrition 
of Plants and Microbial and Biochemical activities in the 
Soil” at the Fergusson College, Poona. 

Mr T. M. Mahadevan, M.A. (Mad.), to work on “Rare Minerals 
of Madras Presidency — a study” at the Presidency College, 
Madras. 

Mr D. K. Mukherji, Dip. Agri. (Cantab.), to work on “Plant 
Physiology as applied to Plant Breeding (Embryo -culture)” 
at the Indian Agricultural Research Institute, New Delhi. 

Mr K. Subramanyam, M.Sc. (Mysore), to work on “Embryo- 
logy and Floral Anatomy in some members of Melastoma - 
ceae and Embryology of Lobeliaceae , Campanulaceae and 
Stylodiaceoe with a note on the interrelationship of thede 
families at the Central College, Bangalore. 

Mr B. V. Sukhatme, M.A. (Delhi), to work on the “Theory of 
certain distribution in non parametric tests and its appli- 
cations” at the Indian Council of Agricultural Research, 
New Delhi. 


Imperial Chemical Industries {India) Research 
Fellowship 

Mr A. K. Chakravarti, M.Sc. (Cal.), to work on “Cytogenetics 
on some common fruit trees of India and the application 
of colchicine to raise improved types” at the University 
of Calcutta. 

Dr A. P. Mahadevan, Ph.D. (Lond.), to work on “studies in 
the Pterin Field” at the University of Madras. 

Mr C. Ramasostry, M.Sc. (Mad.), to work on “Spectroscopy” 
at the Andhra University. 

Dr K. K. Reddi, Ph.D. (Mad.), to work on “Role of anti-thia- 
mine factor in Nutrition” at the Indian Institute of Science, 
Bangalore. 


Mr U. R. Burman, M.Sc* (Cal.), to work on “Internal Constitu- 
tion of Stars” at the University of Calcutta. 

Dr A. B. Kar, Ph.D. (Edin.), to work on “Endocrinology 
with special reference to Birds” at the Central Drugs Labo- 
ratory, Calcutta. 

Dr S. M. Mukherji, D.Sc. (Cal.), Ph.D. (Bir.), to work on “Use 
of metal-ammonia reduction method in the synthesis of 
naturally occurring substances and valuable intermediates” 
at the University of Calcutta. 
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BOOK REVIEWS 


Report of w the Committee on Indigenous Systems 

of Medicine. Vol. I — Report and Recommenda- 
tions, £p. 200; Vol. II — Appendices pp. 550, 1948. 

Published by the Ministry of Health, Government 

of India. 

The Ministry of Health of the Government of India 
has published the report and recommendations of the 
Chopra Committee, — a long and exhaustive report of 
200 pages. It took quite a long time for the Committ- 
ee to submit its Report and in Chapter III, the Com- 
mittee has described its progress of work, rather we 
should say the causes of delay of the work. The Re- 
port bogins with the history and development of the 
Ayurveda , gives a resume of the work of previous Com- 
mittees on indigenous systems of medicine sot up by 
provincial and othor Governments, dcscribos the pre- 
sent state of indigenous systems of medicine, its prac- • 
titioners, institutions of teaching and medical relief. 

Medical relief provided in India by the Western 
system of medicine is extremely limited. There seems 
to be one qualified doctor to attend to every 6300 peo- 
ple. This, of course, is in great contrast to one doctor 
for evory 1000 of population in the United Kingdom. 
Out of 47,524 doctors available in the undivided India 
in 1941, only about 13,000 are reported to be on the 
staff of the medical institutions maintained by the 
Governments and othor agencies. Indigenous medi- 
cine is still largely practised in India. The Report 
says that the present state of the indigenous sy stoms 
is far from being satisfactory. The practitioners in 
most cases are ill trained and their institutions of edu- 
cation and relief are ill-equipped, ill housed and poorly 
staffed. Even then the indigenous medicine has more 
than the familiarity of the public for the cheapness of 
the drugs and the sympathetic treatment of the practi- 
tioners. The Chopra Committee does not believe that 
there can be separate systems of Western or Indian 
medicine* It suggests a synthesis of the indigenous 
and Western systems. For Indian medicine can adopt 
the more useful and developed science of modern sur- 
gery, obstetrics, structural physiology and pathology. 
This suggestion has led to much controversy and differ- 
ences of opinion amongst the Ayurvedacharyas . The 
Committee thinks that the blending of Indian and Wes- 
tern systems of medicine is practicable and recom- 
mends that immediate step is to make a comparative 
study of the Indian and Western medicine. For exam- 
ple, Sharira of the Ayurveda can be taught with Ana- 
tomy of modern medicine, Striroga with Gynaecology, 
Kaya Chikitsa with Medicine and so on. The second \ 
' step is to teach each pair of subject by the same tea-1 
oher, who will give the students a unified view of both! 
Western and Indian medicine. The last step willj 
result from the findings of the Research Institute on 
both the systems. 


“It is essential,” the Report says, “that each Col- 
lege of Indian medicine should, in addition to its tea- 
ching work, provide for post-graduate studies and re- 
search.” The Report has devoted one full chapter 
to the aims and approach to research on indigenous 
medicine, and Col. Chopra, the Chairman 6f tho Com- 
mittee is a past master in this subject. The Com- 
mittee suggests that research should be conducted on 
the following subjocts: 

(1) In fundamental doctrines of the Ayurveda 
including Siddha and Unani Tibbi systems; (2) Literary 
research; (3) Clinical Research; (4) Pharmacological 
research; (5) Research in Diotetices; and (6) Research 
in Psychological aspects of Indian medicino. 

These obviously are good suggestions, and call 
for solid team work. Both clinical and pharmacolo- 
gical researches on indigenous drugs have been attemp- 
ted by tho Indigenous Drugs Enquiry with Colonel 
Chopra as the guide. These Holds of research are quite 
vast and researches in these lines are far from complete, 
for tho obvious reasons which the Report states, as 
many of the plants mentioned in the Ayurveda are not 
described adequately and are difficult to recognise. 
An authentic sample of a drug is difficult to obtain 
from the indigenous drugs sellers. Tho pharmacog- 
nostical researches on tho indigenous drugs is badly 
needed. A central herbarium of the medicinal plants 
is indispensable. Properly identified specimens of all 
known medicinal plants are really difficult to obtain. 
The nomenclature of medicinal plants needs a revi- 
sion, and type specimens of the species are to be pre- 
served in the herbarium. This kind of work requires 
survey and cultivation as well as chemical analysis of 
medicinal plants. 

The Report has not overlooked the standardi- 
sation of medicinal preparations and building up of a 
Pharmacopoeia of Indian medicine. It may not be 
possible at the moment to prepare a Pharmacopoeia 
of Indian medicine on the lines of Western medicine. 
The Report says that it may however, be possible to 
prepare a Pharmacopoeial List on tho lines of tho Indian 
Pharinacopooial List, 1946, which the Report adds, 
was prepared by an Expert Committee under the Minis- 
try of Health.** We beg to say that the Expert Com- 
mittee was not expert enough to compile it for they 
could not stop the errors that had crept in the List. 
Some of the errors we had already pointed out in the 
last month in our journal. We hope the revised list 
will be a more reliable one. We have mentioned only 
the most fundamental part of research on indigenous 
drugs, and we hope that the recommendations of the 
Committee will be given effect soon. 

R. O . C . 
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When the Earth Quakes — By J. B. Macelwane, S.J., 
Ph.D. The Bruce Publishing Company, 540 N. 

Milwaukee Street, Milwaukee 1, Wisconsin, U.S.A. 
xi + 288 pp. Prico $5.00. 

Tin’s book is one of the Science and Culture Series 
issued under the general editorship of Rev. Joseph 
Husslein, S. J., Ph.D. of St. Louis University. The 
author Rev. J. Macelwane, is himself a distinguished 
Seismologist, being the dean of The Inst, of Geophysi- 
cal^ Technology, St. Louis University, U.S.A. 

Seismology, as understood today, is a science com- 
bining physical geology with mathematics. The rea- 
der who therefore expects to find mathematical expo- 
sitions of tho laws of elasticity as applied to seismic 
Science will bo disappointed, as there is not a single 
mathematical expression in the whole text. Ho has 
then to turn to other advanced publications on tho 
subject, the most recent of them, being Dr Perry Byer- 
ly’s “Seismology” (Prontice-Hall, 1942.). In spite 
of this omission it is gratifying to learn that the pre- 
sentation of this subject is carried out thoroughly and 
in a very interesting manner. The first six chapters • 
deal with the description of earthquakes and their 
effects on living boings, types of disturbances, (viz. 
tectonic, plutonic and volcanic) and their primary cau- 
ses, and field studies for mapping isoseismal and coseis- 
mal lines. Chapters 7, 8 and 17 deal with soaquakes, 
seismic sea waves and microseisms, while tho general 
principles, typos and uses of seismographs are discus- 
sed in chapters 9 to 11. The engineering aspects of 
this science are dealt with in chapters 12 and 13 and 
the study of tho industrial problems that arise from 
man made vibrations termed “Sei sinological Engineer- 
ing,” such as quarry blasts, triphammer blows, and 
road and rail traffic are relegated to chapter 14. Chap- 
ter 15 deals with rock bursts and overstrain, and Chap- 
ter 16 with the method of seismographic prospecting. 
In describing the field of engineering seismology, the 
author has unfortunately not given a full share of im- 
portance to tho work of Japanese school led by such 
distinguished scientists as Suyehiro and Naito. As 
the reviewer pointed out in a previous paper, (“Deve- 
lopments in Engineering Seismology,” Science & 
Culture, Feb. 1948, pp. 312-320), the major discus- 
sions on the seismic design of structures which took 
place at the World Engineering Congress at Tokyo as 
far back as 1929, revealed the fact that Japanese work 
on the subject was far in advance of any other country 
and the world of engineering seismology had to accept 
that country’s work as representing the most authori- 
tative and iatest thought of the times. In the biblio- 
graphy at the end, the author has not even referred to 
the set of excellent lectures and papers contributed by 
I)r Suyehiro at the Stanford & California Universities 
and other institutes, which produced a profound modi- 
fication in the then current trend of American struc- 
tural design. 

As the book does not aim to deal with the mathe- 
matical aspect, it can be understood that a full treat- 
ment of the new conception of earthquake spectrum 


need not be given. However, a brief description of 
this idea as put forward in its refined form by Prof. 
Biot should have boon included in the text; Many 
informative ideas are revealed by this spectrum, th‘e 
most interesting being the “whip” effect so conspi- 
cuously noticeable on penthouses and the tips of tapered 
columns and buildings. 

In Appendix A, a digress of actions* of various 
geological agents is given together with a “geological 
time table.” In this table, the folding period of “Sierra 
Nevada” is incorrectly shown in the Triassic instead 
of tho Jurassic poriod, and the position of tho “Rocky 
Mountains” appears too low in the scale. Typogra- 
phical errors aro rare except those on page 26 wherein 
San Andreas Rift is once wrongly spelt as San Andre’s 
Rift, and on page 109, in fig. Ill “crustal blocks” mis- 
spelt as “crystal blocks.” 

Practically tho entire field of elementary seismo- 
logy covering physical, goological and engineering as- 
pects are lucidly surveyed in this *toxt, with good photo- 
graphs, onabling a non-teehnical reader to grasp the 
fundamentals of this science. 

B. K . O. 


Text Book of the Materials of Engineering— By 

Herbert F. Moore, McGraw-Hill Book Co. Inc., 

London and New York. Cloth 6" x 9", pp. x + 

500, Seventh edition, 1947, Price $ 5.00. 

This seventh edition of the text under review was 
first published in 1917, and contains many additions 
and modifications to cover practically tho entire range 
of metallic and non-mctallic materials subjected to 
stress. Tho vast amount of exact information given 
on tho properties of engineering materials together 
with other rolovant data on tho designing, testing and 
processing methods, render this volume a formidable 
work of reference and a valuable guide for engineers. 

There arc in all 22 chapters and an Appendix. 
The first seven chapters introduce the reader to the 
fundamentals of elastic behaviour, stress, and strain, 
creep, fracture, working stresses, safety factors and 
the selection of materials. Chapter 8 deals with the 
crystalline structure of metals and is written by Prof: 
Draffin, of tho University of Illinois. In discussing 
this subject, the author reviews tho basic idoas on the 
formation of crystals from the original study made by 
Sorbey in 1864 to the present X-ray and microscopic 
analysis. The next six chapters cover the production 
of common structural metals, and their heat treatment 
and control. Tables of strength, ductility and notch- 
toughnoss of typical non-metals and a wide variety of 
steels is also included. In the next six chapters the 
role of wood, stone, brick, cementing materials, con- 
crete, plastics, rubber, leather' and rope is given. The 
chapter on “Concrete” is written by H. F. Gonnerman, 
Director of Research, Portland Cement Assoc., Chi : 
cago, and on “Plastics” by Prof. W. N. Findley of the 
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University of Illinois. Though necessarily hot exhaus- 
tive, the data furnished in those sections is quit© accurate, 
and compact, to serve the preliminary needs of a design- 
ing engineer in search of selection of materials. The 
last two chapters deal with the testing, inspection and 
specifications of materials. Solocted references for 
further study are included at the end of each chapter, 
with a conspicuously striking note after the first one. 
Heroin, Ku&yard Kipling’s “The Day’s Work”, (Double- 
day and McClure Co., New York) is included as a re- 
ference for further study. The reviewer believes that 
only an engineer of the emminence of Dr Moore could 
have ever thought of linking one of the stories in this 
Kipling’s work (viz. “Bread Upon Waters’’) as a note 
outlining the modern theory of the fatigue of metals. 
The profound depth of the author’s vision and the im- 
mense width of his knowledge are clearly brought 
to light in this unique reference. 

Among the various load bearing engineering ma- 
terials mention may be made of titanium as one of the 
“future” metals. Titanium is the fourth most abundant 
structural metal in the earth’s crust ranking after 
aluminium, iron and magnesium. Since 1930 work 
in the U.S. Bureau of Mines has revealed the fact that 
this metal has mechanical properties akin to medium- 
carbon steels and corrosion-resistance as good as stain- 
less stools. Besides it can be fabricated into sheet, 
bar, and wire by normal methods and can be produced 
at a price relatively high but not altogether prohibitive. 
The developments in aircraft design have also led to 
the growth of a new class of light weight composite 
engineering materials which appear to have vory wide 
potentialities. Those are the so-called “Sandwich” 
materials consisting of two thin layers of high-strength 
facings like aluminium alloys bonded to a thick layer 
of low density core such as wood. The core which 
provides shear connections between the facings, increa- 
ses the effective moment of inertia of the facing cross 
section and thus makes possible a considerable inprove- 
ment in the stability of structural members without 
in any way increasing the overall weight. The inclusion 
of a descriptive outline of these new materials would 
have further enhanced the text. In the chapter on 
“Concrete” a description is given of vibrated concrete, 
but no mention is made of “prestrossed concrete”, 
yvhich is one of the newer forms of obtaining crack- 
free, and very high strength-resistant products. The 
appendix includes some formulas in common use for 
determining stresses ; a set of descriptive, non-mathe- 
matical questions, and a list of visual aids, giving the 
names of films and filmstrips available in local libraries 
and universities. This list vividly points out the 
magnificient facilities afforded by American Universities 
to its students as compared with the niggardly facilities 
offered by the largest universities of this country and 
to a certain extent by English and European institutions 
also. 

Taken as a whole, this text written by an Emeritus 
Research Professor of Engineering Materials, University 
of Illinois, and doyen of the profession, forms an authori- 


tative source of reference on a wide range of engineering 
materials, and should find a place on the bookshelves 
of practically all classes of engineers. 

8 . JT. <?. 


A Catalogue of Insecticides and Fungicides-Com- 

piled by Donand E. H. Frear, Ph.D., Volume I, 
Chemical Insecticides, 1947, Pp.203, $6.5. Volume 
II, Chemical Fungicides and Plant Insecticides, 
1948, Pp. 153, $5.5. Published by* Waltham, 
Mass. : The Chronica Botanica Co. ; Calcutta, 
Bombay, Madras : Macmillan & Co. Ltd. 

It has been estimated that five per cent of the 
world’s food production is lost due to insects. With 
‘grow more food’ campaign goes the drive ‘kill more 
insects’. Control of insect food pests and also 
the control of disease bearing insects, particularly in 
the tropical countries are of extreme importance. Re- 
searches in this field drew the attention of chemists, 
physiologists, entomologists and botanists for during 
‘ the last World War II there was threatening food 
shortage throughout the world. Some promising 
chemical insecticides like D.D.T., Chloranil, etc. have 
already been discovered, more are on their way to dis- 
covery. Insecticides from plant sources have already 
como out ; rotenono and pyrethrin are worth mentioning. 
For a thorough and systematic investigation on insecti- 
cides, their chemistry, manufacture, killing proper- 
ties, effect on human beings etc., a team work is ob- 
viously needod, specially (a) “to make a thorough 
search of the published literature on the subject, and 
(b) “to correlate the results of those tests with chemical 
and physical properties of the materials used” to find 
out the nature of the toxic action. 

The present catalogue is of primary importance 
for the research workers in the field of insecticides, and 
thanks are due to the efforts of Dr Donald E. H. Frear 
who has left no stone unturned to make the catalogue 
as complete as practicable. 

R. 0. C. 


An Introduction to Pakistan : its Resources and 
Potentialities— by ManeckB. Pithawalla, Karachi, 
1948, Price Rs. 5/-. 

This is an interesting booklet which merits the 
attention of those who want to know about the newly 
bom State. Dr Pithawalla presents within a brief 
compass the history of the partition of India and also 
bow Pakistan came into being. Then he introduces 
the character of the land and also the present state 
of its economic development. He has also given his 
own impressions about the potentialities of the State 
geographically considered. 

We would however plead that in subsequent 
editions the author would provide better and more 
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accurate maps. The map in Plato V, for example 
gives one the impression that the eastern part of the 
district of Murshidabad is in Pakistan. We would 
also suggest that the Chapters on economic resources 
should be more developed so that the treatment for all 
chapters may be more uniform. 

K . G. £ 


Excavations in Mayurbhanj— By Nirmal Kumar 

Bose and Dharani Sen, University of Calcutta, 

1948. Price Rs. 7/-. 

This is a report of excavation work carried out 
in Mayurbhanj by the Anthropology Department, 
Calcutta University. Besides it contains a systematic 
study illustrated with Lueida sketches of the stone 
implements found in the area and their classi- 
fication. A number of problems have been raised 
in the book which may l>e solved in course of subse- 
quent investigations if carried out. One such is with 
regard to the dating of the laterites and the grave} 
beds in which the implements are found. There is 
unmistakable evidence at least in one site of the laterito 
being of primary formation. Climatically and petro- 
logically most areas in Chota Nagpur arc suitable for 
laterisation and this is in progress even now. Henco 
the dating of this formation would involve detailed 
geochronological investigations — a task big in itself. 

Another problem that has been raised is with 
regard to the homotaxiality of Mayurbhanj (Kuliana) 
culture with similar cultures elsewhere. 

Messrs Bose and Sen deserve praise for the de- 
tailed precise and systematic work that they have put 
in and the various problems they have raised, for the 
solution of which they have also made a number of 
useful suggestions. 

K. 0 . B. 


Crystals and X-rays — By Kathleen Lonsdale, D.Sc., 
F.R.S., Pp. viii + 199, 13 plates. (G. Bell and 
Sons Ltd. York House, Portugal Street, London 
W. C. 2.) Price 21s. net. 

It is mentioned in the foreward that this book is 
based on a course of public lectures given at the Uni- 


versity College of Science, London during 1946 and is 
not intended to be a text book of X-ray crystallography. 
A careful persual of the book, however, shows that the 
principles of all the methods of X-ray analysis of crys- 
tals have been explained in it and the book wil} there 
fore be much useful to those research workers who are 
engaged in this line of research. Starting with a histori- 
cal introduction in chapter I in which the discovery 
of Laue diffraction patterns, Bragg reflections and 
Moseley’s work on X-ray spectra of elements have been 
mentioned, the method of generation of X-rays and the 
nature of continuous and line X-ray spectra have 
been discussed in Chapter II. In next chapter the 
symmetry exihibited by natural faces of crystal has 
been explained with the help of diagrams and dia- 
grammatic representations of the 32 classes of crystals 
have been included. The internal symmetry of these 
classes has also been explained with the help of diagram 
of Bravais space lattices and a few space groups. Chap- 
ter IV deals with the methods of determination of geo- 
metrical structure in crystals, .involving application of- 
the ideas of reciprocal lattice. The use of Berral’s chart 
for finding out the indices of planoB giving reflections 
ill a rotation photograph and tho method of deter- 
mination of space groups in crystals have also been 
discussed in this Chapter. The methods of deter- 
mining atomic and electronic distribution in the unit 
cell of crystals of different classes have been given in 
Chapter V. Diagrams of Fourier projections of a few 
crystals have been reproduced in this chapter. In 
the next chapter some topics under the heading ‘extra 
structural studies’ have been discussed. These include 
among other things divergent X-ray beam photography 
and (Lffusc spots in Laue photographs of imperfect 
crystals. In the remaining chapter dealing with the 
importance of the study of crystals it has been pointed 
out how it is possible to get information regarding the 
internal structure of crystals, metals and alloys, fibres, 
etc., from results of X-ray analysis. 

In all the plates the original photograph have been 
reproduced with precision. The get-up of the book is 
very good . Considering the number of line and halftone 
blocks used, the price seems to be reasonable and it can 
safely be predicted that the book will find its place in 
the libraries of almost all the universities and research 
institutions interested in this subject. 

8 . 0 . 8 . 
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LETTERS TO THE EDITOR 

[2'Ae Editors are not responsible for the views expressed in the letters.] 


A NEW METHOD FOR THE ESTIMATION OF 
COPPER AND ZINC IN BRASS 

Although largely employed as a tool for study 
of reactions in solution comparatively few applications 
have boon made of Dutoit’s Thermometry 1 in quantita- 
tive analysis upto the present day. 

In the following the author has presonted a method 
for estimating copper and zinc in brass basod on thermo- 
metric titrations which appears promising as a rapid 
method for industrial analysis of the alloy. 

The principle underlying the method consists in 
titrating total copper and zinc at a suitable P H (4.0) 
thermometrically with, standard (NH 4 ) 2 Hg (SCN) 4 . 
In an aliquot part Cu is precipitated as 0u a (SCN) a 
after reduction with sulphur dioxide and after settling 
lor sometime. Zinc is titrated with the same standard 
solution. The difference in the two titre values gives 
copper. The presence of Pb, Sn or Fe in the solution 
does not interfere, since those are not precipitated 
by the above reagent under the condition of titration. 

My grateful thanks are due to Prof. P. B. Sarkar 
for kindly suggesting the problem and giving full 
facilities for carrying out the work in his laboratory. 

Kumar Krishna Chatterji 

(Those Laboratory of Chemistry, 

University College of Science 
and Technology, 

92, Upper Circular Road, 

Calcutta. 24-24949 

1 Dutoit & Grobot, Town da. chim . Physique. 19, 324, 1922. 


INSECTICIDAL PROPERTIES OF HEXACHLOROCY- 
CLOHEXANES, DDT AND RELATED 
COMPOUNDS 

Insecticidal properties of hexachlorocyclohexanes 
and DDT have formed the subject of numerous investi- 
gations. Toxicity of these compounds havo been mea- 
sured as percentage mortality for certain concentration 
and time by a number of investigators (c./.V). It 
was observed that the relative concentration required 
«to cause equal mortality was different at different mor- 
tality levels and the toxioity of those compounds was 
not proportional to the time and concentration of the 
toxio insecticide. 

Dosage of toxic materials sufficient to ensure com- 
plete mortality of insects cannot be determined very 


precisely because of the S- shaped curve between the 
dosage and the mortality. 

Number of estimates of relative toxicity were 


made by applying various equations like lc t = 


_VLL 

100 — y 


(Langmuir 1934, c./. 2 ) x = k + kx logj-^- 


y 


where 


x and y are the dosage and mortality and k, k , it. etc., 
same constants, the calculated values were still dis- 
tributed in a sigmoid manner. 


Bliss 1 has suggested the Probit method in which 
the mortality in probits (probability integral of morta- 
lity) is plotted against logarithm of the concentration 
&f the drug, and a linear graph is obtained. This me- 
thod of probit analysis has boon developed and applied 
by Finney 8 to large number of organisms. 

Way et al 6 have applied this method in their study 
on the effoct of DDT and hexachlorocyclohexano on 
honey bees. 

The Probit method involves introduction of the 
arbitrary constants and does not give any quantitative 
idea about the rolative^toxicity. 


Wo have applied the law of mass action k — k c j c 
2 3 100 

2 =. log where x is tho number of insocts killed 

t b 100—# 

in time t and k c is tho mortality coefficient at concen- 
tration c; k i: boing directly proportional to tho concen- 
tration c. Following tables give the results of such 
calculations for mosquito larvae in the caso of hexa- 
chlorocyclohexane isomors and DDT and related com- 
pounds. 


Table 1 

Toxicity or Hexacholobcyclohexank isomers to Mosquito 

LARVAE 


Isomer 

Dosage 

P.P.M 

Percentage 
24 hrs. 

Mortality 
48 hrs. 

Mortality 

Coefficient.^ 

Moment 

hxlO" 

a 

2.5 

88 

Kc(0.088) 

09 

f ,0.053 

0.028 

1.7 

P 

100.0 

22 

Kc(0.013) 

40 

0.016 

0.0001 

0.0 

y 

0.01 

(0.067) 

100 

6.700 

2.55 

a 

2.5 

40 

(0.021) 

62 

0.020 

0.008 

0.0 
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Table II 


Toxicity op DDT isomers to Mosquito larvae (a) 


o,p DDT 

0.010 

35 

Ko 0.018 

45 

0.015 

1.6 

1.9 

m,p' DDT 

0.02 

0.01 

73 

Ko 0.054 

33 

Ko 0.015 

98 

0.082 

77 

0.021 

2.0 

1.5 

P4>' DDT 

0.005 

> 

0.0026 

83 

Ko 0.073 

65 

Kc 0.033 

97 

0.074 

82 

0.030 

14.0 

1.1 


(ft) Data from Haller.* 


Tablo 1 shows that the mortality coefficient K c of 
hexachlorocyclohexane isomers at concentration 0 
(Col. 3) is practically independent of timo. The mean 
mortality coefficient K(Col. 5) shows that y is 240 times 
as aetivo as a and 840 times as active as 8, [j isomer 
having practically no activity. Table II shows the 
toxicity pp' DDT and its isomers to mosquito larvae. 
The constancy of K irrespective of time and concen- 
tration is borne out by the results obtained for pp' 
DDT and isomers. 

Full paper will be published elsewhere. 

S. K. Kulkarni Jatkar 
(Miss) S. B. Kulkarni 

Gonoral Chemistry Section, 

Indian Institute of Science, 

Bangalore. 9-3- 1 949. 

» Bliss C.T., Science, 79, 38, 1934. 

* Bliss C.I., Ann. Appl , Biol., 22, 134, 1935. 

* Finney D. J., Ann. Appl. Biol., 31, 68, 1944. 

* Haller, Indust. Eng. Chem. 07, 1591, 1947. 

* Slade, Chemistry & Industry. 04, 314, 1945. 

* Way M. J. and Sygne A. D., Ann. Appl . Biol., 3*5, 94, 1948. 


EFFECT OF BOILED RICE PREDIGESTED WITH 
ASPERGILLUS ORYZAE ON THE GROWTH, OF MICE 

Pro-digested foods are more and more occupying 
an important place in human nutrition. Peptonised 
milk, Protein hydrolysates, Yeast autolysate such as 
marmite are all being used in increasing quantities 
against various disorders of the alimentary and other 
systems. Pre-digestion of food, if properly mado, may 
help to serve the maximum quantity of nutritional 
elements in a small volume, and thereby eliminate was- 
tage in food. 

During an investigation on malt formation from 
various cereals, in this laboratory, boiled rice was sub- 
jected to enzymatic hydrolysis by Aspergillus oryzae. 
In order to see whether the material so digestod could 
serve as a ready food for animals, certain experiments 
were carried on mice growth. The sample taken for 
growth studies was a quantity of boiled rice inoculated 
with a stock strain of Aspergillus Orzyae and growing 
for 3-4 days. The fungus was'subsequently destroyed 
by heating the mass, and the dried preparation, there- 
after, was found on analysis to be of the composition: 

Moisture 4.88%; Total solids 64.7%; Protein 8.20%;Formol 

N, 0.0843%; Reducing sugars in torm9 of lgueoso 28.73%; 

Acid hydrolysable saccharides (calculated as glucose) 52.73%; 

Acidity os lactic acid 2.43%. 

Two groups of weaned in-bred mice from the same 
litters were kept in individual cages for study. All 
weights were taken under a uniform condition of throe 
hours’ fasting in the morning. The distribution of 
mice in two groups was done away as to make the total 
weights in both remain the same. The first group 
was fed daily with the pro-digested boiled rice material, 
and the second group was kept on a stock diot, consis- 
ting of crushed barley, wheat bran, and bread. Cod 
Liver Oil was given in equal dosage to both the groups 
twice a week. Some greens such as fine twigs were serv- 
ed to all of them. Individual as well as group weights 


Table I 

Group i — Fed with boiled rice digested with Aspergillus oryzae (D.F.) 


Mouse No. 

Weight before 
experimental 
feeding (gms) 

Total group 
weight (gms) 

* *1 

Bi-weekly woight after feeding of D.F. 

" fT I T 1 T X 

T* 

Remarks 

1 

13 


13 


12 


10 


D 



o 

13 

74 

11 

05 

11 

63 

10 

54 

7 

7 

§D on the 15th day 

3 

13 


11 


11 


9 


D 



4 

12 


11 


10 


8 


D 



5 

12 


10 


10 


9 


D 



6 

11 


9 


9 


8 


D 




Group II— Stock Diet 


7 

13 


15 


19 

20 

21 


g 

13 

74 

15 

83 

17 102 

19 

111 20 

118 Growth normal 









No mortality 

9 

13 


14 


18 

19 

21 


10 

12 


13 


16 

19 

21 


11 

12 


14 


16 

17 

18 


12 

11 


12 


16 

17 

17 



♦Isa Individual weight |T * Group weight |D *■ Death 
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were recorded bi-weekly. The observation period 
was two , weeks. Table I shows the rosults of these 
studies. 

From the results of the experiments it is evident 
that boiled rice, predigested under enzymic hydro- 
lysis by Aspergillus Oryzae is unable to serve as a com- 
plete food for mice. On the contrary, it appears, from 
the rapidity of the onset of death in Group I (fed with 
this material), that there must be some toxic factor 
associated with the food. 

A. N. Bose 

Bengal Immunity Research Institute, 

Calcutta. 10-3-1949. 

' STUDIES IN THE CATALYTIC PRODUCTION OF 
BUTADIENE FROM ETHANOL, PART III 

During the course of their investigations on the 
catalytic production of butadiene from ethanol and 
acetaldehyde, Toussaint et al 1 found that the conver- 
sion increased with the incorporation of columbium, 
or zirconium or tantalum in the catalyst, with increas- 
ing order of efficiency. Studios were undertaken here 
to investigate the possibility of utilisation of zirco- 
nium oxide as one of the dehydrating components in 
the catalyst for tho one-step conversion of ethanol to 
butadiene. The effect of temperature over the yiolds 
of various products was studied and the results tabu- 
lated in Table I. These results aro compared in Table 
II with those obtained, under similar conditions, with 
catalyst II. 2 


For the same space velocity, the yield of butadiene 
(on ethanol converted) is much higher with catalyst II 
than with catalyst III containing zirconium oxide. 
But the process yield of butadiene (on ethanol fed) 
is more or less the same in both the cases and increa- 
ses with a rise in temperature. The othanol-conver- 
sion-efficiency is much highor for catalyst III than for 
catalyst II. 

Investigations are in progress regarding the study 
of other space velocities over the yield oj, butadiene 
with catalysts I, II and III and the results will bo com- 
municated later. 

The components of catalyst III viz., magnesium 
oxlde-silica-zirconium oxide were taken in the ratio 
51.2: 20: 5 respectively. To a solution of sodium sili- 
cate was added nitric acid to form silica gel. Solutions 
of zirconium nitrate and magnesium nitrate were addod 
in required amounts to the gel followed by ammonium 
hydroxide to co-procipitate the respective hydroxides 
over silica. The precipitate thus obtained was filtered 
* and the filtrate digested with sodium hydroxide to pre- 
cipitate the zirconium still in solution. The precipi- 
tate was addod to tho impregnated gel, the mixture 
filtered, washed and dried and powdered to 100 mesh. 
The powder was activated for 36 hours at 360°~375°C. 
Water was added to the powder thus obtained and the 
catalyst caked out on a Buchner. When semi dry 
pellets of the size 6-7 to an inch were formed and dried 
in an oven for 24 hours at 100°C. The catalyst tube 
was charged with 65g. of the catalyst. 


Table I 


Data for Catalyst III 

400°C 

Temperature 

425°C 450°C 

476*C 

1 . 

Ethanol feed stock, abs. alcohol distilled over calcium 

50 ee 

50 cc 

50 cc 

50 cc 

2. 

Ethanol returned % 

43.37 

25.91 

15.24 

3.26 

3. 

Ethanol converted — (by difference) % . . 

56.63 

74.09 

84.76 

96.74 

4. 

Rate of feed of Ethanol oc./hr./g of catalyst 

0.769 

0.769 

0.769 

0.769 

6 . 

Gas collected in litres, at N.T.P, 

7.00 

13.22 

14.94 

17.88 

6. 

Composition of gas (by volume) : 

Unsaturated hydrocarbons 

43.40 

44.89 

42.79 

41.13 


Hydrogen 

34.17 

30.39 

37.46 

40.61 


Carbon monoxide 

1.51 

4.13 

2.98 

2.05 


Saturated hydrocarbons . . 

7.79 

5.58 

7.96 

5.91 

7. 

Butadiene content of gas g/1 

0.5613 

0.5102 

0.4530 

0.4229 

8. 

Yield of products expressed as % by wt of absolute alcohol converted : 
Hydrogen 

0.97 

1.24 

1.51 

1.72 


Butadiene 

17.68 

23.17 

20.32 

19.91 

9. 

Production of Butadiene on the basis of the theoretical yield 

30.14 

39.49 

34.63 

33.92 


Table II 






Catalyst 


Butadiene production on EtOH 
converted % at various temps 


400°C 425°C 460°C 475°C 


Butadiene production on EtOH fed, 

% at various temps 

400®C 425°C 450°C 475°C 


Catalyst II 7.12 34.40 33.44 34.34 1.47 17.80 17.51 21.73 

Catalyst III 17.68 23.17 20.32 19.91 10.01 17.17 17.23 19.26 
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Our thanks are duo to Sir J. C. Ghosh and to Prof. 
B. Sanjiva Rao for their keen interest in this work. 

R. Srinivasan 
G. 1). Hazra 

Pure and Applied Chemistry Department, 

Indian Institute of Science, 

Bangalore. 12-3-1949. 

1 Toussaint W. J., Dunn J. T. and Jackson D. R., Ind. Eng. 
Chem . 39, 120, 1947. 

8 Srinivasah R, and Hazra 0. D., “Studios in tho catalytic 
producticAi of TVutadiene from Ethanol” part 1, Science and 
Culture, 14, 43 H, 1949. 


AGE OF CASSAVA PLANT FOR MAXIMUM YIELD 

In an earlier note 1 tho average yield for a cassava 
plant has boon discussed. Cassava is not a seasonal 
crop and can be kept in tho field for more than a year 
or even for years together without any appreciable 
outward symptom of aging or decaying. The present 
note is an effort to estimate the ago of Cassava plant 
that will givo the maximum yield. 

As stated in the earlier note the more stable cri- 
terion for yield would be the quantity of finished pro- 
duce obtained from the roots as the yield of raw roots 
would be very appreciably affected by the moisture 
content which varies from season to season. 

Random samples of Cassava plants were taken 
from Cassava plants of various ages and the total pro- 
duce (Arrowroot, flour and Saji) obtained from each 
plant was measured. Tho quantity of produce (in 
chattak8) obtained from each of the 10 plants of a parti- 
cular age, for ages from 6 months to 14 months is shown 
in Table 1. 

Tho analysis of variance of the data in Table I 
gives the following results (Table II). 


Table II 


Nature of 
variability 

Within array 
Between arrays 


No. of dogro© Sum of Mean Log, a 8 

of freedom squares square— a * * 

(variance) 


03 847.61 13.45 2.59830 

6 599.4 99.9 4/60301 

differentia — 2 . 0046. and Z ~ l . 0023 


For Wi — 6 and n a = 63, even at 1 p.c. level, tho 
above value of Z is highly significant indicating a 
relationship between age and yield of produce from 
Cassava plant. 

By tho usual least square method the following 
relationship may be easily derived for the rogion from 
6 months to 14 months. 

y = - 29.568 + 8.261a; - 0.3856a a 

where y is the average yield per plant and x is tho 
age in months. 

The actual and estimated values of yield (as ob- 
tained from the above equation of relationship) are 
given below : 


Table III 

Average yield of pro luce per ph 


Ago ui pmuv » — 

in months 

Actual 

Estimated 

0 

7.15 

0.11 

7 

7.80 

9.36 

8 

11.80 

11.84 

9 

14.75 

13.55 

10 

14.15 

14.48 

12 

14.00 

14.04 

H 

12.20 

12.08 

The age of maximum yield can 

be found by di- 


fferentiating the equation and then equating the result 
to zero. Thus, 
dy 
dx 


8.261 — 2x.3856x = 0 


8.261 

or * _ 2x.3856 “ 


10.7 


Table T 


0 m. 

7 m. 

S m. 

9 m. 

10 m. 

12 m. 

14 m. 

7.5 

13.5 

11.5 

15 

17.5 

13.5 

8 

9 

7 

7 

17.5 

15 

15.5 

13.5 

6.5 

0.5 

7 

11.5 

17.5 

27 

13,5 

7 

7 

11 

12 

18.5 

21. 5l 

16.5 

6.5 

6.5 

11 

19 

10.5 

8 

6 

8 

8 

11 

15 

10.5 

8.5 

9 

8 

5 

19 

8.5 

13.5 

14 

14 

7 

12.5 

11.5 

17.5 

11.5 

15 

15 

6 

5 

9 

19.5 

13.5 

14.5 

10.5 

6 

7 

16 

12 

13.5 

8 

11 


(overall 

Average — 7.15 7.80 11.40 14.75 14.15 14.60 12.20 (average 

» 11.72) 


7 
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Therefore, the age for maximum yield for a plant 
is 10.7 months, or say, between 10 and 11 months. 
Thus the produce would be available once a year and 
during the one month or so, cultivation for the next 
seasop can be made. 

K. N. Chatterji 

7 Jatia Road, 

Bally, (Hofrrah Distt.) 

16-3-1949. 

* Chatterji, K. N., Science and Culture, 14 , 158, 1918. 


TAMARIND ( TAMAB1NDUS IND1CA) SEED AS 
PROTEIN RICH FEED FOR LIVESTOCK 

It has been pointed out by Kehar 8 as also by 
Ware 1 and Williamson* that the supply of livestock 
feeds from all organized sources even under normal 
conditions falls considerably short of the requirements. 
According to a recent estimate the available supply 
of digestible crude protein is 40 per cent, and that of 
starch equivalent 41 per cent, of the required amounts. 
Since four-fifth of the cultivated land depends upon 
successful monsoon for crop production, the regularity 
of which, in a tropical country, can hardly be assured, 
this shortage of fodder is further keenly felt, when there 
is a partial or total failure of monsoon. In previous 
publications Kehar 4 , Kehar and Chanda 8 , Kehar and 
Chanda 6 , Kehar and Sahai 7 , Kehar 8 , have shown that 
some of the materials viz., Saccharum munj , Mango seed 
kernel, entrails, Jaman seeds and Saccharum span- 
taneum , which at present are considered as wastes, 
or are not economically utilized, could be used with 
advantage for feeding livestock after certain amount 
of processing. These investigations have made avai- 
lable for exploitation, a large amount of animal feeds. 
Observations on the use of tamarind seed as feed for 
cattle are reported in this note. 

Tamarind seed, the entire produce of which has 
not been till now economically utilized, was chemically 


analyzed and the results along with the analysis of a 
few commonly known grains are shown in table I. 

It will thus be observed that tamarind seed is 
richer in crude protein than barley, oats and maize 
except gram. Its value for total carbohydrates com- 
pares favourably with oats and gram. The CaO con- 
tent of tamarind seed is higher and P a 0 B content is 
invariably lower, as compared to other grains in the 
list. 

i « 

Feeding trials with tamarind seeds were conduc- 
ted on two groups of Kumauni bullocks, each group 
consisting of three animals. In group 1 tamarind seeds 
constituted the entire concentrate, whereas, in group 
2 approximately 50 per cent of the protein require- 
ment only was met from tamarind seed, the remainder 
being supplied by rape cake. Wheat bhoosa was fed 
adlib in both the groups. Common salt at the rate 
of 1 oz. per animal was provided daily. The feeding 
was continued for a period of six months in case of 
group 1 and for five months in the case of group 2. 
# During this prolonged period of feeding no adverse 
symptoms were observed. On the other hand, the 
animals in both the groups developed a fine bloom and 
added on an average, over the initial weight, 17 lbs in 
case of group 1 and 41 lbs in case of group 2 where 50 
per cent of the required protein was supplied by tamar- 
ind seed. 

During the last 10 days of the feeding experiment, 
a metabolism trial was conducted on animals in both 
groups. The average digestibility co-efficients were 
found to be, crude protein 34.64, ether extract 85.25, 
crude fibre 48.15 and nitrogen-free extract 62.67 for 
the group with tamarind seed as the entire concen- 
trate, and crude protein 28.03, ether extract 84.08, 
crude fibre 43.85 and nitrogen-free extract 55.86 for 
group 2. According to the two feeding methods the 
nutrients per 100 lbs of tamarind seed (dry basis) 
were found to be: digestible crude protein 5.335, total 
digestible nutrients 60.142 and starch equivalent 
50.122 for group 1 (tamarind seed as entire concen- 
trate), and digestible crude protein 4.317, total diges- 
tible nutrients 53.956 and starch equivalent 50.004 for 
group 2. 


Table I 

Chemical composition or Tamarind seed as compared 

WITH SOME COMMON DRAINS 


Name of 
Feeds 

Crude 

Protein 

Ether 

Extract 

Crude 

Fibre 

Nitrogen- 
free Ex- 
tract 

Total Carbo- 
hydrates 

Total 

Ash 

Calcium 

(CaO) 

Phosphorus 

P*0, 

Tamarind 

15.4 

3.893 

8.17 

69.257 

77.43 

3.28 

0.43 

0.526 

Barley 

11.5 


5.39 

78.84 

84.23 

3.21 

0.25 

0.85 

Oats 

10.07 

6.55 

12.71 

65.88 

78.59 

4.79 

0.16 

0.93 

Maize 

10.55 

3.30 


82.10 

84.30 

1.85 

0.07 

0.91 

Gram 

19.63 

4.84 

7.50 

65.40 

72.90 

2.63 

0.43 

0.98 
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Balance studies on Nitrogen, Calcium and Phos- 
phorus in the two groups were also made and the re- 
sults are recorded in table II: 

Tabee II 

Nitrogen, Calcium and Phosphorus balances 

Group 1 Group 2 

Tamarind seed Tamarind seeds 

as entire concen- supplying 50 per- 

trate. Average cent protein re- 

of three animals. quirement. Aver- 

» * age of three animals 

$ 

ms. ms. 

Nitrogen (N) Balance -f 1 . 213 -f 6 . 475 

Calcium(CaO) Balance —1.176 4 - 0.794 

Phosphorus (P* 0 ft ) 

Balance f 1.277 -f- 3.689 

It will be observed that when tamarind seed cons- 
tituted the ontire source of digestible crude protein, 
the animals wore in positive nitrogen and phosphorus 
balance, though they showed a slight negative calcium 
balance. When, however, the tamarind seeds consti- 
tuted 50 per cent of the required protoin and the rest 
was made up with rape cake, all the animals showed 
positive balances for nitrogen, calcium and phosphorus. 

When this experiment was about to be concluded, 
morphological and chemical studies on the blood of 
these animals wore conducted and it was found that 
there was no appreciable difference in the various blood 
constituents of the two groups of animals as compared 
to animals on normal diet. 

From the above observations, it appears that ta- 
marind seeds can be fed to animals, with impunity, 
over long periods. It is however profitable to feed these 
seeds up to 50 per cent of the concentrate mixture. 

According to an estimate by Krishna 0 , 3,594,000 
mds. of tamarind seeds are available annually. Al- 
though a fraction of it is understood to be usod for 
sizing purposes, it is assumed that an economic use of 
the remainder will release the pressure on the existing 
acute shortage of concentrate feeds. 

Dotails of observations will be published in the 
Indian Journal of Veterinary Science and Animal Hus- 
bandry. 

N. D. Kehar 
B. Sahai 

Animal Nutrition Section, 

Indian Veterinary Research Institute, 

Izatnagar. 18-3-1949. 

1 Ware, F. Technological Possibilities of Agricultural Develop- 
ment in India, 1944. 

• Williamson. G. Ind . Jourl. Vet. Sci. <f? Ani. Husb , 17, 23, 1947. 

• Kehar, N. D. Perspective , IT.S.A. Oct 1946. 

4 Kehar, N. D. Ind . Jowri . Vet. Sci. db Ani. Husb, 14, 40, 1944. 

» Kehar, N. D. and Chanda, R. Ind. Jourl. Vet. Sci. <k Ani . 
Husb, 15, 280, 1945. 

• Kehar, N. D. and Chanda, R. Ind. Jourl . Vet. Sci. <Ss An t. 

Husb. 17, 189, 1947. . „ t 

T Kehar, N. D« and Bahai, K. Ind . Jourl. Vet . Sci. So Ant. Husb . 
December, 1948 (in press). 

• Kehar, N. D. Ind . Jourl . Vet. Sci. dt Ani, Husb. 1948. (in 



ON THE FLUIDITY OF LIQUIDS IN RELATION TO 
THE HOLE THEORY 

Liquids aro looked upon as containing free volume 
in the form of holes in which their molecules can move 
about with a limited degree of freedom 1 * * . This free 
volume has been calculated in terms of temperature 
and total volume of tho liquid 9 and the method for 
its experimental determination indicated* ’depending 
upon the velocity of sound in the liquid medium. Flow 
of a liquid has been regarded as due to jumps of mole- 
cules from one such free space or hole into another by 
the action of some shearing stress. In the light of 
this, fluidity has beon considered as depending upon 
the availability of the number of such holes into which 
molecules may pass. The empirical formula arrived 
at by Batschinski 4 * * * * has implicitly assumed a linear 
relationship between fluidity (<f>) and the free volume 
(V — V fl ) in the equation 

* « C. (V - V.) (i) 

where V and V 8 are the volumes’ of the liquid and the 
solid statos respectively, the latter being regarded as 
• possessing little or no holes and C is a constant. 

It is well known that tho fluidity of a liquid in- 
creases with temperature. Temperature also increa- 
ses the volume of a liquid by what is commonly known 
as thermal expansion, which naturally increases the 
free d volume of the liquid because the volumes of mole- 
cules constituting the liquid does not suffer any sig- 
nificant d-chango with change in temperature unless 
the latter is of extraordinary magnitude. Hence we 
may expect a relationship botween (j> and a, the coe- 
fficient of thormal expansion, as a matter of course. 
Such a relationship is obtained as follows: 

' « 

assuming a to be constant for small ranges of tempera- 
tures. Integrating this we get, 

V = A.e ftT (Hi) 

where A is the integration constant. 

Assuming that there is a temperature T„ in the 
absolute scale where tho number of holes in the liquid 
vanishes altogether and carrying out the integration 
between T p and any higher temperature T for which 
the volumes of the liquid are V B and V respectively, 


we get 

V •= V 0 . e « < T ~V (to) 

whence by equation (i) 

<j> - C. (V - V.) - C.V fl { e ^V-l} M 

or, e «*, + <f> - e « T 

or, 04 - b. 0 = e “ T (»») 

where a -= t aT „ and b — t °’ T 1 / C.V , 


▼▼ UV* V W m f ~ | 

which gives a linear relationship for <f> against e", 
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Equation (vi) has been verified in about 50 liquids 
including water and mercury within temperature range 
of 0 to 40°C in most of the cases with an average value 
of a in the range assumed to be constant. The plots 
obtained were all straight lines with an intercept on 
the e cfc d axis (= a = e aTi ) as shown in Fig. 1 from 
which the values of T* were calculated. These were 
in all casesi lower than the corresponding melting points 4 
of the liquids except in the case of water where it was 
found to be above 4°C. 



The volume V B of the liquid at temperature T s 
has been assumed to contain no holes and hence the 
molecular volumes of the liquids calculated for this 
temperature by the help of the average value of <*, 
as assumed above, should necessarily yield the volume 
of a single molecule if we divide this by N, the Avo- 
gadro’s number. Calculations carried out in the case 
of some simple liquids (unassociated) are shown in Table 
I below: 


Table I 

Liquid r (calc, in A r * in A 

from Eq. vi) 


Mercury 

1.778 

1.80 

Acetone 

1.70 

1.90 

Benzene 

3.098 

2.95 

Carbon tetrachloride 

2.22 

2.38 ** 

n-Pentane 

2.33 

2.25 

Ether 

3.40 

3.10 

Chloroform 

2.13 

2.04 


*r’s denote the molecular radii calculated on the assump- 
tion of spherical molecules and r in column 3 signifies the raaii 
calculated from the viscosity of these substances in the gase- 
ous state and taken from Landolt-Bomstein Tablellen*. 

*■ **The value of r for CC1« has been taken from polarisation 
data*. 


The chain lengths of some normal paraffins were 
also calculated from V B by first ascertaining their 

molecular volumes and dividing this by 21 sq. A* 
the cross section of these hydrocarbon chains as deter- 
mined by the surface film methods The values appear 
in Table below and have been compared with those 
calculated by the formula given by Mark(9) : 

Z=(1.26n+1,83) where n denotes the number of 
carbon atoms in the chain, and I the 
chain length. . , 


Hydrocarbon 

Table II* 

l (calc, by eq. (vi) 

l (calc, bu Mark’s 
eq.) 

n~ Pentane 

7.0 

8.13 

n-Hexane 

8.98 

9.39 

n-Heptane 

10.25 

10.55 

n-Octane 

11.7 

11.9 

n-Nonane 

12.8 

13.17 

n~ Decane 

14.08 

14.43 

n-Undecane 

15.51 

15.69 

n-Dodecane 

16.87 

16.95 

n- Tridecane 

18.90 

18.63 

n-Tetradecane 

19.62 

19.47 

n-Pentadecane 

20.9 

20.73 


•Data on these hydrocarbons, necessary for our calcula- 
tion, have boon taken from selected values of Properties of 
Hydrocarbon’s, [ Amer. Petrol. Inst. Res. Proi. no. 44, Table 
20(c), Part II.] 

The calculated values in both the tables exhibit 
satisfactory agreement with the values derived by other 
methods. The equation (vi) therefore gives a method 
of computing the molecular dimension from data on 
viscosity and density at two different temperatures. 

Another interesting feature in the <j> ~~e aT plots 
is that the straight lines obtained for the members 
of the same homologous series have been found to 
intersect the e aT axis at approximately the same point 
(Fig.l). Thus for the three different series studied 
in this eonnoction the value of the intercept is 1.25, 
for the normal paraffins, 1.265, for the normal alkyl 
mercaptans and 1.235 for the benzene homologues. 
This evidently indicates that aT B for the same homo- 
logous series is almost constant within a very narrow 
range. An attempt will be made to elucidate the full 
significance of this aspect in a future communication. 

The relationship between the coefficient of visco- 
sity and temperature has been given by the classical 
equation of Andrade 8 as 

rj = A.e B / T (vii) 

The equation (vi) can be related to this equation if we 
can show that the coefficient of expansion, a, of a li- 
quid is directly proportional to 1/T a . Such a relation- 
ship has been deduced from statistical considerations 
through the partition function of the liquid state. 
The .work is under way and will be reported later on 
in due course. 
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My best thanks are due to Prof. S. N. Mukherjee, 
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this problem to me and to Prof. H. L. Roy, and the 
authorities of this Institution for rendering all facili- 
ties in their library and laboratory in connection with 
this work. 

Asoke Kumar Mukherjee 
Physical Chemistry Laboratory, 

College of Engineering and Technology, 
t Jadavpur, Calcutta. 30-3-1949. 

* 

1 H. Eyring, J. Ch&m. Phys 4, 283, 1936, J. O. Hirsehfelder, 
D. P. Stevenson and H. Eyring, ibid . 5, 896, 1937. 

8 H. Eyring and J. O. Hirsehfelder, J. Phy*. Chem ., 41* 249, 
1937, J. O. Hirsehfelder, J. Chem. Ed., 10, 640, 1939. 

J. F. Kincaid, and H. Eyring, J. Chem. Phy$., 6, 620, 1938. 

« A. J. Batschinski, Z. Physik. Chem, 84, 643. 1913. 

® Landolt-Bomstein Tabollen, Eg III 6 Auf. p. 105. 

• Moelwyn Hughes, “Introduction to Physical Chemistry ” 

p. 105, 1940. 

1 Glasstone, “Recent Advances in Physical Chemistry,’’ 2nd 
Ed. p. 332, 1933. 

• E. N. da C. Andrade, Phil. May.* 17, 497, 698, 1934. 

• Mark, “The Physical Chemistry of High Polymeric systems,” 

p. 141, 1940. 


Mercury flowing out in drops at constant rate 
from the electrode exerts an appreciable back pressure 
against the hydrostatic pressure of the mercury column, 
thus diminishing the effective pressure forcing the 
liquid out of the capillary. Kolthoff and Lingane* 
calculated the back pressure to be equal to 4.31 

/ ■•- r rn -- where cr is the interfacial teniion of mer- 
m 1 / 8 . t 1 / 8 

cury and d is its density. Applying this correction 
to the hydrostatic pressure and with the help of 
Poiseuille’s hydro-dynamical equation for flow of 
liquids through a tube thoy derived a thooretical 
expression for m viz : 


m =s 


7 r r 4 . d. 
Hr}. 1. 


(h. d.g- 4-31. 


The expression 


^ hdg-4.31 


<7 .d}l * 


_«r. 

mVCt 1 /* 


) 

) 


•*•( 2 ) 


is the 


effective prossure-P (say), whoro r c and l are the radius 
and length respectively of the capillary, V is the visco- 
sity coefficient of the liquid, h is the height of tho 
mercury column. 


HEIGHT ADJUSTMENT OF MERCURY COLUMN 
FOR ACCURATE POLAROGRAPHIC 
MEASUREMENTS 

The thooretical expression for the diffusion current 
obtained with a dropping mercury electrode derived 
first by Illkovic 1 , is 


<0 

It can also be written that m=r~ ~ ...(3) 

t 

where <*> is the weight in miligrams of each drop of 
mercury. 

Combining equations (2) and (3) we have 


V- 60 rm. D 


i 


C. nfi 


i 

t* 


...( 1 ) 


8 i }.l 
A. r*. d 



O ) 

p 


where K = 


8 y. I 
A. r 4 . d * 


where i a is the average current in microamperes (10"* 
amp) during tho life of a drop of mercury, n is tho num- 
ber of Faradays of electricity required per mole of tho 
electrode reaction, D is the diffusion coefficient of the 
reducible or oxidisablo substance in the units Cm 2 . 
sec' 1 , C is its concentration in millimoles per litre, rn is 
the rate of flow of mercury from the dropping electrode 
capillary-expressed in tho units mg. sec" 1 , and t is the 
dropping time in seconds. 

For an ion in solution with a standard concentra- 
tion of supporting electrolyte in a medium, D can be 
taken to be a constant. Therefore i a can be considered 
to be proportional to C, if and when w 2 / 8 . t 1 ! 6 remains 
constant with change in applied e.m.f. in the polaro- 
graph. For practical purposes tho product m®/ 8 . t 1 ! 0 may 
be assumed to be constant within ±1 % over tho poten- 
tial range from zero to about -1.0 volt 2 but at more 
negative potential its decrease (which may be more 
than 10%) must be taken into account. 

It is shown below that the rule i a occ can be applied 
at all potentials if the height of the mercury column 
of the dropping electrode is adjusted in accordance with 
the final expression dcriyed herein. 


and m — 


P 

K' 


W 2 / 3 . t l l\ « c »i/«. 



...(4) 


In the case of mercury at 25 °C, d~13.53gm.cnf 8 
r; —0.01 52 dyne sec. cm" a 
0=981 cm. sec’® 




in equation (4) calculates to 
7.73 X 


f r c 4 A 7.73 X 10" s .<r\ "U 

•< 4.64 X 10®. -j* ( & — jJT/a I j- -W 


When a changes from <r x to <*, with change me.m.f. 
let <«> change from <*i to « 2 * ^ ^ be changed from h x 
to h 2 »n order that m® W 6 remains unchanged. Then 
the following relation should hold 
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My grateful thanks are due to Dr S. K. Mukherjee, 
of the department of Applied Chemistry for helpful 
critioism and kind interest. 



7.73 x 



Squaring and transpos ng 


Anil Kumar Ganguly 
University College of Science and Technology, 

92, Upper Circular Koad, Calcutta. 
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/*,.«.;/» - = 7.73 x 10 V, - <r 2 ) 



* Illkovic, D. f Collection Czochoslov. Chem Commun., 6, 498, 

1934. J, Chim. Phys., 35, 129. 1938. 

4 Lingane and Kolthoff, J. Am. Chem. tioc., 61, 825, 1939. 

* Kolthoff and Lingane, Polarography: Interscience Publi- 

shers, Inc., p. 72, 1946, 

* Kolthoff and Lingane, Ibid., p, 66. 

* Kolthoff and Lingane, Ibid., p. 67. 


GERMANIUM IN INDIAN COAL-ASH 



1 aking cr x as the interfacial tension at a standard 
condition say when the mercury is not electrically 
polarised in 0, IN KC1, equations (7a) or (7b) can be 
ust<d to determine tho heights h at which the mercury 
column should be at different e.m.f.s. so that m 2 l 3 .t 1 'l B 
remains constant. As a fair approximation under 
ordinary conditions if <t x is takon to be- equal to 400 
dyne cm 1 in air free electrolyte solutions equation 
7(a) can bo written as 


for a particular capillary o» x and *> 2 for various e.m.f.’s 
^ determined experimentally by Lingane and 
Kolthoff s 8 arrangement. 

has keen pointed out that the height correction 
is of significance at more negative e.m.f.’s. where also 
the various eleotrocapillary curves coincide*. Thus 
*2 values determined in one case can be applied to other 
eases. With capillary active substances should be 
determined in individual oases, 


Goldschmidt and Peters 1 by spectrum analysis with 
the Cathode Layer Arc found germanium concentra- 
tion in the order of about 0.1 -1.0% in the coal-ashes 
of the Hartley Yard Scam, Newcastle in England. 
In our previous investigation 2 , a thorough search for 
germanium in coal-ashes from different coal-fields of 
India was made and a fair concentration was detected 
in a few samples. 

In tho prosent investigation, spectrographic esti- 
mation of germanium in coal-ashcs has been carried 
out by the Carbon Arc Cathode Layer method and also 
by the Logarithmic Wedge Sector mothod with a 
E x spectrograph. Standard mixtures of germanium 
are prepared by adding standard solutions 3 of sodium 
germanate in dilute H a S0 4 , in pure quartz (free from 
gormanium). In tho cathode layer arc method, Twy- 
man- Simeon lens arrangement 4 with a slit length of 
10 mm. is used. The cathode of purified carbon rod® 
has a crater of 8 mm. depth and 2.5 mm. inner diarnetor 
with a wall thickness of 0.8 mm. in which a mixture 
of 10 mg. standard mixture (or coal-ash) and 10 mg. 
pure carbon powder is introduced. For each spectrum 
120 seconds exposure is made using a current of 9 
amps, at 220 v.d.c. Tho concentration of germanium 
in the samples is determined by visually observing 

the lines 3039 .09 A and 2651 .18A under a comparator 
and matching them with the standard plates. 

In the Logarithmic Wedge Sector method, a slit 
length of 1.5 cm, is used, the sector being uniformly 
rotated by an electric motor. The anode has a crator 
of 10 mm. depth and 2.5 mm. inner diameter with a wall 
thickness of 0.8 mm. in which a mixture of 20 mg. 
standard mixture (or coal-ash) and 10 mg. pure carbon 
powder is introduced. For each spectrum 120 seconds 
exposure is made using a current of 8 amps, at 220 v.d.c. 
The length of the spectrum line is considered to be a 
measure of the intensity. A magnifier with a measuring 
scale is used to measure the lengths of the two germa- 
nium lines up to the point where the blackening just 
disappears. A calibration curve is drawn yritb these 



Jipie, 1940 


LETTERS TO THE EDITOR 


539 


measured lengths of lines in the different standard 
spectra plotted as ordinates against concentrations 
of germanium. Germanium concentrations in the 
different samples of coal-ash are determined from the 
calibration curve. Both the methods of analysis are very 
sensitive up to 0.001 % below which higher amounts 
of samples are required. 


Table 


Specimens of 
coal-ash 

Ash p.c. 
at 400°o 

Percent, of 
Germanium 

Assam 

1. Garo-Hills 
977(7) 

2.10 

0.122 

2. Garo-Hills 
977(22) 

1.63 

0.095 

Hyderabad (Dn.) 

3. Birley Pit, 
Singareni Coal 
Held, No. 1. 

7.14 

0.065 

No. 2. 

7.21 

0.055 

4. Tandur 

12.40 

0.017 


of electro-chemistry where for Cation Exchangers 
a ■» concentration of added base. 

c «= initial concentration of active groups in tho H. fo*m. 
y = fraction of the total active groups in solution, phase. 
«= Ionic product of water. 

k* as dissociation constant of the acid Ion Exchanger. 
x «=* hydrogen ion concentration. ' 

and for Anion Exchangers the terms have the same 
significance excepting the word ‘acid* is to be replaced 
by ‘base* and vice versa and V denotes hydroxyl ion 
concentration. 

This equation has been found to apply in explaining 
large number of cases of titrations of Ion Exchangers 
containing one type of active group with HC1 or 
NaOH for Anion or Cation Exchangers respectively. 
The work of formulating equations for such titrations 
with bivalent acids and basos is now in progress. 
The details of the work will bp published elsewhere. 


Coal-ashes from these regions may be considered^ 
as ono of the best tapping sources for the extraction 
of germanium in India where information for any 
other source richer than those has not yet boon 
available. 

Thanks are duo to Prof. P. B. Sarkar, for his koen 
interest in the work and for providing laboratory 
facilities, and to tho Director of tho Geological Survey 
of India for kindly supplying tho coal-samples. 

Bibhuti Mukherjee 
Rabi Dutta 

Inorganic Chemistry Laboratory, 

University College of Science & Technology, 

92, Upper Circular Road, 

Calcutta. 9. 4. 1949. 
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NEUTRALISATION CURVES OF ION EXCHANGERS 

The neutralisation curve of Ion Exchangers 
containing only one type of active group in the hydro- 
gen or hydroxyl form for Cation or Anion adsorption 
can be mathematically expressed by an equation of the 
type 


a = c(l-t,) + b 
X 


cyk 

k+x 


xc (1— y) 
vyk 

k+ x ' x 


X 


This equation has been deduced from considerations 
of Donnan membrane equilibrium and classical laws 


My thanks are due to Dr S. K. Mukherjee for his 
encouragement and kind interest. 


S. L. Gupta 

University College of Science and Technology, 

92, Upper Circular Road, 

Calcutta. 2. 5. 1949. 


ABNORMALITY IN HAN A T1GKR1NA DAUD 

Last January, while demonstrating to the Inter- 
mediate class in our college, I came across a full-grown 
male frog (Ram tigerim Daud.), 4.25 inches long from 
snout to vent, which showed an abnormality of a uni- 
que typo, not hitherto described. Tho specimen, when 
viewed from above, showed that the right sido was 
normal with the eye-ball bulging out, and tho lids and 
the nictitating membrane properly developed, but 
on the left side the eye area formed a shallow depres- 
sion with the outline of the orbit distinct and no trace 
of the eye-ball superficially. The left upper eye-lid, 
instead of being convexly arched in an even manner, 
was marked from the dorso-median skin of the head 
by a groove at the upper border of the orbit, and was 
crumpled in appearance. The lower eye-lid passed on 
almost indistinctly into an opaque nictitating mem- 
brane, which extended smoothly upwards almost half- 
way into the orbit, formed a longitudinal plait-like 
ridge and was joined firmly with tho upper eye-lid. 
There was no opening between the two fids. 

When, however, the mouth of the frog was opened 
the left eye-ball was seen projecting into the buccal 
cavity and opening into it. It was fully developed, 
had a normal appearance with the cornea, iris and p # u- 
pil distinct, and faced obliquely rather outwards and 
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forwards towards the left (Pig. 1). On its median 
and posterior sides, it was joined firmly by the 



Fig. 1. Buccal roof of the abnormal frog with some of the 
} -g muscles dissected in situ ( x 2). 

e. r„ eustachian recess;' i. r., iris; lg. b., ligamentous band; 
1. s. f., lateral sub-rostral fossa; m.m., mucous membrane; m. s. f., 
median sub-rostral fossa; o. m., oblique muscles; p. r., pulvinar 
rostrale; post, n., posterior nerves; ps„ parasphenoid; r. m. f recti - 
muscles; r. pi., ramus palatinus; sc., sclerotic, p., pupil; v. t., 
vomerine teeth. 

sclerotic to the mucous membrane of tho buccal 
roof covering the parasphenoid, but on its antero- 
lateral side it was marked out from the adjacent area 
by a fairly deep depression in the connecting mem- 
brane. 

On removing the temporal and the pterygoid 
muscles and dissecting away the muoous membrane 
of the roof of the mouth carefully (Figs. 1 and 2), it 



Fig, 2. Dorsal view of the abnormal eye after dissection 
( X 3). 

ext. r. ext., abnormal extension of the rectus extemus; t>b. i., 
obliquus inferior; ob. a., obliquus superior; r. ext.’, rectus exter- 
nus; r. int., rectus intemus; r. inf., rectus inferior; r. sup., reotus 
superior; s. f., supernumerary fibres. 

was found that the levator butbi was absent, but that 
all the obliqui and recti were present. 

The recti musculature was slightly twisted and 
showed a constriction almost midway between its ori- 
gin and insertion. Underneath it, there was a trans- 
verse ligamentous band wjbich ran across from the pos* 


tero-lateral border of the stem of the parasphenoid bone 
to its lateral processes underlying the auditory cap- 
sules. 

The rectus inferior , rectus superior and rectus inter - 
nus were normal in their disposition, but were shorter 
than those on the right side. The rectus extemus , 
although arising normally from the inner and posterior 
angle of tho orbit close to the optic for a men, showed 
a remarkable anomaly in its insertion. It was not 
inserted on the posterior surface of the eye-ball as is 
usual, but rather on the dorsal surface. IJalf of its 
fibres were inserted on the eye-ball, while the remain- 
ing ones extended further on, beyond this point of * ‘ 
insertion, to join the tough dermis underlying the 
malformed upper eye-lid. 

In addition to this, there was another set of fibres 
which originated from the dermis of the upper eye-lid, 
ran obliquely backwards and inwards in tho orbit, 
closely applied to the abnormally extended fibres of 
the rectus extemus^ and finally got inserted on the dor- 
sal surface of the eye- ball near the point of insertion 
of this muscle. 

The obliqui muscles resembled those of the right 
(normal) side except for the fact that the obliquus supe- 
rior was slightly longer than the obliquus inferior . 

Tho retractor bulbi was found to be presont in its 
normal position within the four recti and embracing 
the optic nerve. As usual, it arose from the paras- 
phenoid. bone and was inserted into the eye- ball. 

The nerves were normal except for a slight shif- 
ting in their position due to the deviation in the mus- 
culature. The ramus palatinus , however, instead of 
running almost straight forward from the point of 
its emergence from the cranium, was a little curved 
in its course and extended over tho ventro-mesial sur- 
face of the eye- ball before dividing into its branches 
at the anterior end of the orbit. 

It is difficult to say whether tho foregoing abnor- 
mality was congenital, or due to an accident which 
occurred during the course of development. No bone was 
apparently affected in any way, while the superficial 
appearance of the eye-lids seemed to suggest an injury 
which led to regeneration. The supernumerary set 
of fibres described above in connection with the rectus 
extemus was perhaps due to an extraordinary elon- 
gation of the dermal tissue underlying the eye-lid and 
to its fibrosis. The structure of the eye, curiously 
enough, was perfect, but its position within the buccal 
cavity indicated that it could not have been functional 
as a visual organ. 

I am extremely grateful to Prof. Beni Char&n Ma- 
hendra for his kind assistance and direction in the pre- 
paration of the. present note. 

Maheshwar Singh Soon 

Department of Zoology, 

Birla College, 

Pilani. 10-12-1948. 







